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PREFACE. 


The  Tertiary  Volcanic  region  of  the  West  of  Scotland  is  well  known 
to  be  of  exceptional  interest  from  many  points  of  view,  and  on  this 
account  my  predecessor,  Sir  A.  Geikie,  determined  that  a  typical 
portion  of  the  region  should  be  mapped  and  described  in  great 
detail.  The  district  comprising  the  central  mountain  group  of  Skye 
was  selected  by  him,  and  the  services  of  Mr.  Harker  were  secured  in 
order  that  the  actual  survey  and  the  petrographical  work  might  be 
carried  out  by  the  same  officer.  The  present  memoir  is,  therefore, 
the  result  of  work  which  was  planned  and  in  great  part  executed 
under  .the  direction  of  Sir  A.  Geikie,  who  has  himself  contributed 
very  largely  to  our  knowledge  of  the  selected  area,  and  who  has 
taken  from  first  to  last  special  interest  in  Mr.  Barker's  researches. 
The  district  is  one  which  has  attracted  the  attention  of  many 
distinguished  geologists  from  the  days  of  Macculloch  down  to 
recent  years.  The  main  outlines  of  the  geology  are,  therefore, 
&miliar  to  students  of  the  science,  but  in  view  of  the  publi- 
cation of  this  volume  some  of  the  salient  features  of  the 
development  of  research  may  here  be  referred  to.  MaccuUoch's 
classic  >work  showed  that  the  basalts  of  the  plateaux  and  the 
eruptive  masses  pierce  and  overlie  the  Oolitic  strata,  and  are 
therefore  younger  than  the  Jurassic  rocks.  The  discovery  of 
plant  remains  at  Ardtun,  in  Mull,  announced  by  the  Duke  of 
Argyll  in  1851,  marked  an  important  advance,  for  they  were 
regarded  by  Professor  E.  Forbes  as  proving  the  Tertiary  age  of  the 
basalts  with  which  they  are  associated.  At  the  same  time  Forbes 
was  led  to  the  conclusion,  from  the  evidence  at  Loch  Staffin,  in 
Skye,  that  the  basaltic  lavas  are  there  contemporaneous  with  the 
Oolitic  strata.  Following  the  opinion  of  Professor  Forbes,  in  his 
earliest  investigations  Sir  A.  Geikie  inferred  that  the  basaltic  lavas 
of  Skye  are  not  younger  than  some  late  part  of  the  Jurassic  period, 
and  he  further  contended  that  the  gabbros  of  that  island  are  of 
Archaean  age  from  the  striking  resemblance  of  the  banded  types  to 
some  of  the  ancient  gneisses  of  the  North- West  Highlands.  In 
1871  appeared  Zirkel's  valuable  description  of  the  petrology  of  the 
igneous  rocks  of  Skye.     In  1874  Professor  Judd  published  his  well- 
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known  paper,  in  which  he  maintained  that  in  the  West  Highlands 
there  are  relics  of  five  great  extinct  Tertiary  volcanoes  indicating 
three  periods  of  igneous  activity — the  first  marked  by  the  extrusion 
of  acid  lavas  and  tuffs  connected  with  plutonic  masses  of  granite, 
the  second  by  basaltic  lavas  related  to  deep-seated  masses  of  gabbro, 
and  the  third  by  minor  outflows  of  lava  from  sporadic  cones.  In 
1888  Sir  A.  Geikie  embodied  the  results  of  his  prolonged  study 
of  the  Tertiary  Igneous  Rocks  of  the  West  Highlands  in  his 
monograph,  communicated  to  the  Royal  Society  of  Edinburgh,  on 
"  The  History  of  Volcanic  Action  during  the  Tertiary  Period  in 
the  British  Isles."  He  therein  maintains  that  the  basaltic  plateaux 
are  probably  due  to  fissure  eruptions ;  that  the  basaltic  lavas  were 
subsequently  pierced  by  laccolitic  masses  of  gabbro,  which  produced 
a  certain  amount  of  contact  alteration  on  the  previously-erupted 
lavas;  and,  finally,  that  the  basic  rocks  were  disrupted  by  the 
protrusion  of  masses  of  granophyre.  These  conclusions  have  been 
confirmed  by  Mr.  Harker. 

In  the  following  pages  the  rocks  are  described  with  reference  to 
their  field  relations  and  petrographical  characters,  due  regard  being 
paid  throughout  to  the  fact  that  they  form  a  connected  series  of 
igneous  products.  The  area  referred  to  is  represented  by  Sheets 
70  and  71  of  the  one-inch  maps,  together  with  parts  of  Sheets  80 
and  81.  Sheet  81  has  been  published,  and  Sheets  70  and  71  are 
now  being  prepared  for  publication.  In  view  of  the  complexity  of 
the  district  and  the  impossibility  of  adequately  representing  the 
geological  features  on  the  one-inch  maps,  it  is  proposed  to  publish 
four  six-inch  Sheets  (Skye  38,  89,  44,  and  45),  embracing  the  most 
interesting  portion  of  the  area. 

This  memoir  has  been  written  by  Mr.  Harker,  and  is  based 
principally  on  the  area  surveyed  by  him.  During  the  years  1895- 
1901  he  mapped  in  detail  the  central  mountain  group,  a 
broad  belt  of  the  surrounding  country,  the  basaltic  plateaux  to 
the  west  and  north-west  of  the  mountainous  region,  the  large 
island  of  Scalpay  and  some  of  the  smaller  islands  off  the  East  Coast. 
Mr.  Clough  has  surveyed  the  south-eastern  part  of  Skye  and  the 
island  of  Soay,  a  region  consisting  of  older  stratified  rocks  which 
have  been  invaded  by  numerous  minor  intrusions  belonging  to  the 
Tertiary  series.  Messrs.  Woodward,  Barrow,  and  Wedd  have 
mapped  other  portions  of  Skye,  especially  those  in  which  Jurassic 
rocks  occur,  but  where  Tertiary  igneous  rocks  are  also  found.  In 
the  following  pages  Mr.  Harker  has  freely  availed  himself  of  the 
information  supplied  by  his  colleagues  as  to  the  Tertiary  igneous 


rocks  of  the  areas  snrveyed  by  them,  and  has  visited  localities  of 
interest  which  lie  outside  his  own  special  district. 

The  petrographical  descriptions  are  based  on  a  large  series  of 
specimens,  of  which  more  than  a  thousand  have  been  sliced  for 
microscopical  examination.  Most  of  these  specimens  have  been 
collected  by  Mr.  Harker,  but  a  considerable  number  have  been 
supplied  by  Mr.  Clough  and  a  few  by  Mr.  Woodward.  They 
include  also  a  number  of  specimens  collected  by  Sir  A.  Oeikie 
prior  to  the  detailed  survey.  Dr.  Pollard  has  made  twelve  com- 
plete and  four  partial  analyses  for  the  purpose  of  this  memoir. 

During  the  progress  of  the  survey  Professor  Lebour  generously 
placed  at  our  disposal  his  own  manuscript  maps  of  the  Broadford 
and  Kyleakin  districts,  together  with  five  analyses  of  rocks  which 
had  been  made  for  him  by  Mr.  T.  Baker,  of  the  Durham  College  of 
Science.  We  are  also  indebted  to  Mr.  Archibald  Livingstone,  of 
the  Antrim  Iron  Ore  Company,  for  the  results  of  the  chemical 
examination  of  some  of  the  clays  in  the  basaltic  series;  to 
Mr.  J.  H.  Player  for  the  partial  analysis  of  another  clay;  to 
Professor  Sollas  for  isolating  and  examining  the  constituents  of 
some  of  the  rocks ;  and  to  Sir  J.  Norman  Lockyer,  KC.B.,  for 
photographs  of  the  spectra  of  certain  rocks. 

The  photographic  views  given  as  plates  were  taken  by  Mr.  R. 
Lunn,  save  the  frontispiece,  which  is  reproduced  by  the  kind 
permission  of  Messrs.  Wilson  &  Co.,  Photographers,  Aberdeen. 
One  sketch  was  very  kindly  made  for  us  by  Mr.  Colin  B.  Phillip. 
The  other  illustrations,  including  the  micro-sections,  are  by  the 
author ;  but  many  of  the  text  figures  have  been  re-drawn  by  J.  D. 
Bowie,  who  has  also  prepared  the  sketch  map  prefixed  to  this 
volume. 

Our  thanks  are  due  to  the  proprietors  of  estates  in  Skye,  more 

partictdarly  to  Macleod  of  Macleod  and  Mr.  R.  L.  Thomson  of 

Strathaird,  who  have  afforded  every  facility  for  the  survey,  and 

also  to  numerous  residents  of  humbler  station  who  have  given 

kindly  and  intelligent  help.     To  Mr.  T.  A.  Falcon,  as  a  frequent 

companion  in  camping  and  climbing  in  the  Cuillins,  the  author 

desires  to  express  his  indebtedness  in  many  ways.    Mr.  Falcon's 

photographs  of  the  mountains  have  proved  of  value  in  deciphering 

their  structure. 

J.  J.  H.  TEALL, 

Director, 
Geological  Survey  Office, 

28  Jermyn  Street, 

London,  \2ih  April  1904. 
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THE  TERTIARY  IGNEOUS  ROCKS 

OF  SKYE. 


CHAPTEE    I. 


Introduction,  and  General  Eelations  of  the 

Volcanic  Series. 

As  a  region  of  igneous  rocks  the  Western  Isles  of  Scotland,  with 
neighbouring  parts  of  the  Scottish  mainland  and  of  Ireland,  have 
engaged  attention  since  the  early  days  of  modem  geology;  and  a 
considerable  literature  dealing  with  the  various  districts  severally 
or  collectively  has  grown  up  during  the  last  hundred  years.  The 
special  features  of  the  region  are  the  grand  scale  on  which  igneous 
activity  has  here  operate,  the  completeness  of  the  record,  and  the 
manner  in  which  the  inner  mechanism  of  igneous  action  has  been 
brought  to  light  by  profound  erosion.  The  clear  recognition  of  the 
Tertiary  age  of  the  whole  has  added  a  farther  feature  of  interest, 
more  especially  as  regards  the  rocks  of  deep-seated  origin.  In  few 
other  parts  of  Europe  is  there  any  similar  exhibition  of  plutonic 
rocks  of  this  comparatively  late  geological  date,  and  the  study  of 
the  British  area  has  contributed  in  no  small  degree  to  dispel  the 
misconception  of  radical  differences  supposed  to  distinguish  pre- 
Tertiary  from  Tertiary  igneous  rocks.  In  all  the  aspects  indicated 
Skye  is  folly  equal,  and  in  some  particulars  superior,  to  other  parts 
of  the  region  in  the  advantages  which  it  offers  to  the  geologist,  and 
the  island  has  received  a  corresponding  amount  of  attention  at  the 
hands  of  observers. 

In  view  of  the  frequent  references  contained  in  the  following 
pages  and  the  full  Bibliography  given  as  an  appendix,  no  formal 
review  of  the  literature  of  the  subject  is  called  for.  Among  the 
earlier  writers  Macculloch  may  claim  the  chief  place.  His  great 
work,  published  in  1819,  is  a  monument  alike  of  accurate  observa- 
tion and  of  acute  generalisation,  and  it  contains  much  which,  after 
more  than  eighty  years,  is  still  valuable.  Bou6*s  "Essai  g6ologique 
sur  TEcosse"  (1820)  should  also  be  mentioned,  and  a  memoir  pub- 
lished in  1829  by  von  Oeynhausen  and  von  Dechen.  A  brief  but 
a 
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important  paper  by  J.  D.  Forbes  in  1845  marked  a  decided  advance 
in  the  geology  of  the  Skye  mountains.  The  results  of  Sir  A. 
Oeikie's  earliest  geological  work  in  Skye  were  presented  to  the 
Geological  Society  in  1857,  and  forty  years  later  he  embodied  in  his 
"Ancient  Volcanoes  of  Great  Britain"  the  results  of  many  valuable 
researches  in  the  same  district.  Professor  Zirkel  was  the  first  to 
apply  to  the  igneous  rocks  of  Skye,  in  1870,  the  methods  of  modem 
petrology ;  while  our  fuller  knowledge  of  this  side  of  the  subject  is 
due  principally  to  an  important  series  of  memoirs  from  the  pen  of 
Professor  Judd.  The  mineralogy  of  Skye,  as  of  Scotland  in  general, 
owes  most  to  the  late  Professor  fleddle,  whose  many  contributions 
are  collected  in  his  posthumous  publication  "The  Mineralogy  of 
Scotland  "(1901). 

In  this  chapter  we  shall  ofier  a  few  introductory  remarks  upon 
the  Tertiary  igneous  rocks  of  Britain  in  general,  and  also  some 
observations  concerning  the  general  relations  of  the  volcanic  rocks 
of  Skye,  which  here,  as  elsewhere  in  the  region,  constitute  the 
earliest  members  of  the  whole  suite.  It  should  be  mentioned  that 
in  the  south-eastern  part  of  Skye  there  are  igneous  rocks  of  much 
greater  antiquity,  with  which  we  shall  have  no  concern.  Apart 
from  those  older  than  the  Moine  crust-movements,  and  accordingly 
much  disguised  in  character,  there  are  various  pre-Tertiary  dykes 
both  acid  and  basic,  the  latter  chiefly  of  lamprophyric  affinities. 
Few  of  these  are  found  beyond  the  limits  of  the  Sleat  district. 
The  most  north-westerly  example  observed  is  a  much  decayed 
mica-lamprophyre  dyke  intersecting  the  Cambrian  limestones  in 
Coire  Beithe,  on  the  south  side  of  Beinn  na  Caillich,  near  Broadford. 

Although  the  immediate  subject-matter  of  this  tnemoir  is  limited 
to  the  Isle  of  Skye,  it  is  important  to  bear  in  mind  constantly  that 
the  Tertiary  igneous  rocks  of  Britain  have  a  much  wider  dis- 
tribution. Bedded  basalts  comparable  with  those  which  build  the 
plateaux  of  Skye  occur  in  many  other  parts  of  the  Inner  Hebrides, 
besides  some  patches  on  the  adjacent  coast  of  Scotland  and  a  large 
area  in  the  north-east  of  Ireland  (see  sketch-map,  Fig.  1);  the 
Tertiary  age  of  these  rocks  being  proved  in  several  localities  by  the 
discovery  of  an  Eocene  flora  in  intercalated  bands  of  tuff"  and 
lignite.*  On  petrographical  and  other  grounds  it  seems  probable 
that  the  area  of  distribution  of  Tertiary  igneous  rocks  in  Britain 
may  be  further  extended  to  include  the  gabbros  and  granites  of  St. 
Kilda,  Arran,  the  Moume  Mountains,  Carlingford,  and  perhaps 
other  districts.t  There  is  moreover  a  very  numerous  system 
of  basic  dykes  throughout  the  western  and  southern  parts 
of   Scotland  and  the   northern  parts  of  Ireland   and  England, 

♦See  especially  Starkie  Gardner,  Proe,  Roy.  Soc.^  vol.  xxxviii.,  pp.  14-23 : 
1885,  and  vol.  xxxix.,  m.  412-415  ;  1886. 

tThe  intrusions  at  Cfarrock  Fell,  in  Cumberland,  may  possibly  come  in 
here.  Mr.  T.  Davies  made  a  like  suggestion  for  the  granite  of  Lundy,  off 
the  north  coast  of  Devon  (see  Judd,  Quart.  Joum.  Gkol.  Soc.y  vol.  xxx., 
p.  275  :  1874) ;  but  the  specimens  of  this  rock  which  we  have  examined  lend 
no  support  to  the  supposition. 
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which  are  with  good  reason  inferred  to  belong  to  the 
same  general  period  of  igneous  activily.*  Such  an  inference 
seems  to  be  warranted  by  the  petrographical  characters  of  the 
dykes,  their  hearing  and  behaviour  in  the  field,  and  the  &ct  that 
some  of  them  traverse  Mesozoic  strata.  Tims  the  Cleveland  dyk« 
near  Whitby  (about  300  miles  from  Skye)  cuts  through  the  Oolites; 


The  broken  lines  enclose  the  areaa  in  the  west  of  Scotland  and  the  north-esst 
of  Ireland  where  Tertiary  volcanio  cocks  are  preserved. 

The  dotted  line  marks  the  southern  limit  in  Engluid,  Wales,  and  Ireland 
of  basic  dykee  believed  to  he  of  Tertiary  age. 

The  situations  of  the  principal  plutonic  intrusioDfi  of  Tertiary  age  are  indi- 
cated b7  letters,  as  follows :  K,  St.  Eilda ;  S,  Sl^e ;  R,  Rum ; 
A,  Ardnamurchaa ;  M,  Mull ;  Ar,  Arran ;  Mo  and  C,  Moume  Mte  and 
Carlingford.  The  letter  X  marks  the  aituation  of  the  gabbro  and  grano- 
phyte  intrusionB  of  Caixock  Fell,  possibly  of  Tertiary  ^e,  but  only 
[»roved  to  bo  poet- Silurian, 

*See  map  by  Sir  A.  Geikie  in  Traru,  Soy.  Soc.  Edin.,  vol.  Z3xv.,  PI,  I.  : 
1S88.  The  later  dykes  of  Anglesey  are  also  referred,  with  conuderable  pro- 
bability, to  a  Tertiary  age  (Oreenly,  Qeol.  Mag.,  1900,  pp.  160-164). 
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and,  since  no  igneous  outburst  is  known  to  have  occurred  between 
Permian  and  Eocene  times,  this  fact  aflfords  a  strong  probability  of 
the  Tertiary  age  of  the  dyke.* 

The  British  area  thus  embraced  is  still  but  a  small  fraction  of 
the  whole  "  petrographical  province,"  which  extends  northward  for 
more  than  two  thousand  miles,  to  far  within  the  Arctic  Circle,  and 
includes  not  only  Iceland  and  the  Faroer,  but  Jan  Mayen,  a  portion 
of  Greenland,  Spitzbergen,  Franz  Josef  Land,  etc.  Throughout  this 
great  area  the  volcanic  rocks  are  marked  by  common  characteristics, 
such  as  the  great  preponderance  of  basic  lavas,  the  prevalence  of 
the  fissure  type  of  eruption,  and  other  features,  geological  as  well 
as  petrographical.  At  certain  centres,  notably  in  Iceland, 
volcanic  activity  has  been  prolonged  down  to  the  present  time,  or, 
as  some  geologists  would  prefer  to  say,  has  been  revived  upon  the 
old  lines  and  with  the  old  characteristics.  The  southern  and 
western  boundaries  of  this  "  Brito-Icelandic  province  "  are  probably 
rather  sharply  defined,  for  on  Rockall,  some  250  miles  west  of 
Skye,  and  at  the  Wolf  Rock,  ofi*  the  Cornish  coast,  we  meet 
with  igneous  rocks  of  a  very  difierent  kind.  Although  the 
Tertiary  age  of  these  two  occurrences  cannot  be  proved,  their 
petrographical  nature  leads  us  to  attach  them  to  another  great 
province,  characterised  especially  by  rock-types  rich  in  alkalies, 
which  embraces  most  of  the  Atlantic  basin. 

Subsequently  to  the  cessation  of  igneous  activity  within  the 
British  area,  the  volcanic  tract  has  been  subjected  to  extensive 
crust-movements,  generally  in  the  sense  of  subsidence,  and  to 
erosion  on  an  enormous  scale;  and  it  has  thus  been  reduced 
essentially  to  a  certain  number  of  islands  rising  from  the  hundred- 
fathom  continental  platform.  Some  of  the  larger  questions  on 
which  we  might  desire  to  have  assurance  have  thus  become 
matters  of  speculation ;  among  others  the  question  to  what  extent 
basaltic  districts  now  separated  by  the  sea  have  once  been 
continuous.  Professor  Judd  is  of  opinion  that  the  lavas  were 
poured  forth  from  great  central  volcanoes  comparable  with  Etna 
at  the  present  day.  Of  these  he  has  specified  five,  in  Mull,  Skye, 
Rum,  Ardnamurchan,  and  St.  Kilda,  their  sites  being  marked  by 
the  occurrence  of  considerable  masses  of  plutonic  rocks,  which  in 
his  view  represent  the  denuded  cores  or  basal  wrecks  of  these 
hypothetical  volcanoes.  The  detailed  survey  of  Skye  has  led  to 
quite  other  conclusions,  and  has  endorsed  the  view,  first  enunciated 
by  Sir  A.  Geikie  in  1880,  that  the  basaltic  lavas  issued,  not  from 
great  volcanic  vents,  but  from  innumerable  small  fissures.  There 
would  thus  be  no  narrow  limit  to  the  possible  extent  of  a  continu- 
ous lava-field.  That  of  the  Snake  River  Plains  in  Idaho  stretches 
for  much  more  than  300  miles,  the  total  area  being  still  undeter- 
mined, while  the  "  Deccan  traps  "  in  India  cover  at  least  200,000 
square  miles.  There  is  therefore  nothing  of  inherent  im- 
probability in  the  supposition  that  a  basaltic  tract  once  extended 
continuously  from  Antrim  to  Skye  and  much  farther. 

*  On  this  question,  see  more  particularly  Sir  A.  Geikie,  TVarw.  Roy,  Soc, 
Edin.,  vol.  xxxv.,  p.  30 :  1888. 
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Hie  volcanic*  phase,  doubtless  representing  in  itself  a  prolonged 
lapse  of  time,  was  followed  by  a  plutonic  phase,  in  which  the 
manifestations  of  igneous  activity  assumed  a  new  form.  The 
energy,  instead  of  being  diffused  over  a  vast  region,  became 
localised  about  certain  centres  within  that  region,  and  one  such 
plutonic  centre  or  focus  was  situated  in  what  is  now  the  mountain 
district  of  Skye,  including  the  Cuillins  and  the  Bed  Hills.  Here 
large  bodies  of  molten  magma,  first  of  basic  (including  ultrabasic) 
and  afterwards  of  acid  composition,  were  intruded  immediately 
below  and  among  the  volcanic  rocks,  and  consolidated  beneath  a 
very  considerable  superincumbent  mass.  There  is  evidence  that 
this  was  effected  by  many  distinct  intrusions,  and  the  building  up 
of  these  complex  plutonic  masses  must  have  been  a  gradual  and 
prolonged  process. 

To  the  plutonic  phase  there  succeeded  a  third  and  final  phase  of 
activity  characterised  by  minor  intrusions  in  the  form  of  sills, 
sheets,  and  dykes.  This  third  phase  embraced  numerous  distinct 
episodes,  the  history  of  which  has  been  partly,  but  not  in  every 
case  completely,  deciphered.  We  shall  show  that  certain  groups 
of  these  minor  intrusions  are  probably  common  to  the  whole  great 
region  or  " petrographical  province";  others  affect  a  very  large 
area  of  that  region,  including  Skye  or  a  considerable  portion  of 
Skye ;  while  others  again  stand  in  relation  to  the  special  centre  of 
activity  already  established  during  the  plutonic  phase,  and  have  a 
distribution  limited  accordingly.  The  groups  which  fall  into  this 
last  category  are  as  a  rule  very  definitely  characterised,  and  it  has 
been  found  possible  to  follow  out  the  succession  of  events 
connected'  with  the  special  Skye  focus  in  sufficient  detail.  The 
rocks  belonging  to  groups  of  regional  extension  present  much 
less  variety  in  their  petrographical  characters  ;  and,  for  this  and 
other  reasons,  it  is  not  possible  to  decipher  their  succession  in  any 
thorough  fashion. 

The  succession  of  events  from  the  breaking  out  of  igneous  action 
in  the  area  considered  to  its  final  extinction  implies  a  very  extended 
length  of  time,  but  its  actual  duration  is  a  question  concerning 
which  we  have  little  certain  knowledge.  The  only  precise  datum 
is  supplied  by  the  botanical  evidence  which  assigns  the  volcanic 
rocks  to  some  part  of  the  Eocene.  Since  the  volcanic  phase  covers 
only  a  fraction  of  the  whole  time  demanded,  we  might  be  led  to 
suggest  that  succeeding  events  were  prolonged  into  some  of  the  later 
divisions  of  Tertiary  time.t  Against  this,  however,  we  have  to  set 
the  consideration  of  the  enormous  amount  of  erosion+  which  has 

*  Throughout  this  memoir  we  use  the  term  **  volcanic"  in  its  strict  sense, 
i.e.  hmited  to  eruptions  at  the  surface  of  the  earth's  crust.  The  plutonic  and 
later  intrusions  in  our  area  had  no  connection  with  volcanoes,  other  than  the 
lax  connection  which  unites  all  the  extrusive  and  intrusive  rocks  as  members 
of  one  great  suite,  for  which  we  may  infer  a  remote  common  parentage. 

t  Prof.  Judd,  in  his  earlier  papers,  dealing  with  the  Western  Isles  as  a 
whole,  referred  the  latest  igneous  eruptions  to  the  Pliocene.  Tliis,  however, 
was  when  the  flora  of  the  basaltic  group  was  believed  to  be  of  Miocene  age. 
(See  Quart.  Joum.  Oeol.  Soc,  vol.  xxx.,  p.  274  :  1874.) 

{On  this  point,  see  Judd,  I.e.  ;  also  Geikie,  Quart.  Joum.  Geol.  Sac.y 
vol.  lii.,  pp.  402-406  :  1896. 


6  '    Extension  of  Volcanic  Bocks  in  Skye. 

affected  our  Tertiary  igneous  districts,  and  which  was  mainly 
accomplished  before  the  Glacial  Epoch.  The  lavas,  it  is  true,  may 
have  been  undergoing  erosion  concurrently  with  the  later  phases 
of  igneous  activity ;  but  the  great  basic  sills  intercalated  among 
the  lavas,  and  belonging  to  a  much  later  episode,  expose  their 
truncated  edges  throughout  a  thickness  of  rocks  amounting  to 
hundreds  and  indeed  thousands  of  feet.  The  gabbro,  too,  which 
must  certainly  have  consolidated  under  a  considerable  cover,*  has 
been  carved  into  lofty  mountains.  Such  considerations  dispose  us 
to  throw  back  the  period  of  igneous  activity  so  far  as  is  consistent 
with  the  varied  developments  of  which  the  record  gives  evidence, 
and  without  farther  knowledge  the  balance  of  probability  cannot  be 
more  precisely  stated. 

In  describing  the  various  rocks,  geologically  and  petrographically, 
we  shall  treat  them,  so  far  as  is  possible,  in  chronological  sequence. 
As  regards  the  dykes,  however,  the  imperfection  of  the  record,  or 
of  our  reading  of  it,  sometimes  precludes  such  orderly  treatment, 
and  the  account  will  then  be  given  in  a  more  collective  form.  For 
convenience,  and  to  avoid  repetition,  certain  features  of  special 
interest  will  be  discussed  in  separate  chapters ;  and  some  general 
considerations,  which  turn  upon  a  comprehensive  review  of  the 
observations  recorded,  will  find  their  most  appropriate  place  near 
the  end  of  the  volume.  In  accordance  with  this  plan,  the  volcanic 
rocks  will  be  first  described,  then  in  due  sequence  the  several 
plutonic  rocks  and,  partly  in  chronological  order,  the  various  minor 
intrusions  of  the  area. 


The  volcanic  rocks  still  preserved  in  Skye,  together  with  the 
numerous  sills  of  basic  rocks  intruded  amongst  them,  occupy, 
roughly  speaking,  the  whole  of  the  north-western  half  of  the 
island,  i.e.  all  the  country  to  the  north  and  west  of  the  central 
mountains,  which  consist  essentially  of  gabbro  and  granite.  It  is 
quite  clear,  morever,  that  they  have  once  had  a  considerable 
extension  south-eastward ;  for,  besides  numerous  patches  of  the 
volcanic  rocks  enclosed  in  the  plutonic  masses  of  the  mountain 
district,  we  find  outliers  of  some  extent  in  the  Strathaird  peninsula, 
and  other  areas  both  north  and  south  of  the  Beinn  na  Caillich 
massif,  the  most  easterly  of  the  gfanitic  or  "  Bed  "  Hills.  These 
last-mentioned  relics  of  the  volcanic  group  are  let  down  by  faults, 
and  owe  partly  to  this  cause  their  preservation  from  destruction. 
Prior  to  the  great  erosion  of  later  Tertiary  times  these  rocks  must 
have  overspread  the  greater  part,  if  not  the  whole,  of  Skye.  Nor 
is  it  to  be  supposed  that  even  this  area,  nearly  50  miles  in  length, 
represents  the  full  extent  of  country  which  they  covered ;  for  there 

*  Michel-Levy's  remarks  on  this  point  (Structures  tt  classification  des  roches 
iruptives,  Paris,  1889^.  9)  seem  to  be  based  on  a  misunderstanding  of  Sir  A. 
Geikie*s  writings.  The  same  conception,  that  the  gabbros  and  granites  of 
the  Hebrides  can  be  explained  as  extrusive  rocks,  has  also  been  put  forward 
by  Reyer  upon  a  misunderstanding  of  Judd*s  description  (Hieoretuiihe  Oeologicy 
Stutt^,  1888,  pp.  369-372). 
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is  nowhere  any  sign  of  thinning  away  of  the  group,  and  the 
truncated  edges  of  the  basalt  sheets  are  seen,  often  to  a  thickness 
of  many  hundreds  of  feet,  in  the  precipitous  cliffs  which  form  the 
coast-line  in  the  north  and  west  of  the  island. 

Apart  from  local  variations,  the  volcanic  group  has,  throughout 
the  large  continuous  area  which  it  occupies  in  the  north-western 
half  of  Skye,  a  general  dip  to  westwa/rd  or  to  some  point  south  of 
west.  In  accordance  with  this  we  find  that,  while  on  the  east  side 
Jurassic  rocks  are  almost  everywhere  seen  beneath,  and  are  exposed 
near  Broadford  and  Portree  to  some  distance  inland,  on  the  west 
coast  the  volcanic  rocks  descend  in  most  places  below  sea-level, 
though  probably  to  no  great  depth.*  But  although  the  general 
decline  of  the  base  westward,  and  the  principal  exceptions  to  this,  are 
the  results  of  subsequent  disturbance,  many  of  the  minor  irregularities 
are  to  be  attributed  to  the  unevenness  of  the  old  land-surfece  upon 
which  the  earliest  volcanic  rocks  were  erupted.  Prior  to  the 
volcanic  epoch  the  pre-Tertiary  strata  had  been  both  disturbed  and 
deeply  eroded.  The  volcanic  rocks  thus  repose  in  different  places 
on  different  members  of  the  Jurassic  and  older  systems.  In  the 
north  of  the  island  they  rest  on  the  Oxfordian  group  and  the  Great 
Estuarine  Series ;  farther  south  on  the  Lower  Oolites,  and  then  on 
the  Lias.  At  Sconser  on  one  side  of  the  island,  and  near  the  Sound 
of  Soay  on  the  other,  they  pass  from  Jurassic  strata  to  Torridon 
Sandstone  :  then  to  the  east  of  Blaven  they  rest  on  Jurassic  rocks 
again,  and  in  the  Strathaird  peninsula  on  higher  members  of  the 
Jurassic.  At  Creag  Strollamus,  north  of  Beinn  na  Caillich,  the 
volcanic  rocks  are  again  seen  on  Torridon  Sandstone,  and  in  some 
of  the  patches  enclosed  in  the  Beinn  na  Caillich  granite  there  are 
little  outliers  resting  on  the  Cambrian  limestones.  Only  three- 
quarters  of  a  mile  from  Creag  Strollamus,  on  the  opposite  side  of 
the  Sound  of  Scalpay,the  bedded  basalts  lie  on  strata  of  Cretaceous 
age,  and  this  is  the  case  also,  as  Mr  Clough  has  discovered,  at  one 
point  on  the  Sound  of  Soay. 

The  volcanic  series  of  Skye,  so  far  as  it  is  preserved,  consists 
almost  wholly  of  lavas  of  basic  and  sub-basic  composition.  At  one 
place  only,  on  the  northern  border  of  the  Cuillins,  do  we  find  the  relics 
of  a  group  of  sub-acid  and  acid  lavas  and  tuffs.  Excluding  these  from 
present  consideration,  the  uniformity  of  general  characters  from 
base  to  summit  of  the  series  is  very  striking.  At  the  base  of  the 
whole,  certain  local  accumulations  of  volcanic  agglomerates  and 
tuffs  prove  that  the  volcanic  era  was  ushered  in,  in  places,  by  out- 
bursts of  a  paroxysmal  kind ;  but  the  great  succession  of  lavas  above 
is  practically  unbroken  by  any  pyroclastic  deposits  worthy  of 
notice. 

The  thickness  of  the  group,  or  rather  of  that  portion  of  it  which  has 
survived  the  energetic  erosion  of  later  Tertiary  times,  must  be  very 
considerable;  but  there  are  serious  difiiculties  in  the  way  of  framing 

*  On  Loch  Harport  Jurassic  sandstones  were  brought  up  as  cores  in  boring 
for  the  foundations  of  the  new  pier,  about  500  yards  beyond  the  Talisker 
Distillerv  at  Carbost.  The  spot  is  covered  by  about  21  feet  of  water  at  high 
tide,  and  the  borings  were  only  6  or  7  feet  deep. 
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even  an  approximate  estimate  of  it.  These  diflBculties  arise  chiefly 
from  the  monotony  of  lithological  characteristics,  which  makes  it 
by  no  means  easy  to  detect  the  faults  which  certainly  intersect  and 
displace  the  rocks,  and  impossible  in  general  to  determine  the  throw 
of  such  faults.  If  we  could  overcome  this  obstacle  and  calculate 
the  thickness  of  the  whole  pile  which  builds  the  moorland  plateaux, 
we  should  still  have  to  restore  in  imagination  the  portion  removed, 
and  then  to  deduct  from  the  total  the  aggregate  thickness  of  the 
intruded  sills,  which  in  many  parts  of  the  district  surpass  in 
importance  the  lavas  themselves.  From  the  altitudes  attained  by  the 
group  in  such  places  as  the  Quiraing,  the  Storr  Rock,  etc.,  we  may 
at  least  infer  that  the  total  thickness  of  lavas  and  sills  together 
considerably  exceeds  2000  feet,  and  of  the  lavas  alone  1000  feet. 
This  is  not  the  full  thickness  of  the  group,  and  there  are  places, 
such  as  the  Isle  of  Scalpay  (fig.  2),  where  lavas  free  from  sills 
mount  up  to  a  thickness  of  1500  or  1600  feet. 
The  impossibility  of  compiling  any  estimate  from  horizontal 
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Fio.  2. — Section  in  the  southern  part  of  the  Isle  of  Scalpay,  showing  a  faulted 
area  of  the  basaltic  lavas,  resting  on  Jurassic  and  Cretaceous  strata  and 
thrown  against  the  Torridonian.     Scale,  3  inches  to  a  mile. 

sections  may  easily  be  made  apparent.  The  base  of  the  volcanic 
series  is  exposed  at  Peinchorran  and  Balmeanach,  north  of  Loch 
Sligachan.  From  thence,  following  the  direction  of  dip,  viz.  W.  by 
S.,  we  arrive  at  Carbost  pier  on  Loch  Harport  in  about  9 J  miles. 
The  dips  along  this  line  vary  usually  between  10^  and  20^,  with 
an  average  of  about  16°,  and  hence,  if  the  succession  were  an 
unbroken  one,  we  should  have  crossed  a  thickness  of  some  14,000  feet. 
Nevertheless,  at  Carbost  pier  the  base  is  again  found  only  a  few 
feet  below  sea-level.  Making  any  reasonable  allowance  for  the 
uneven  form  of  the  old  land-surface  on  which  the  lavas  were  poured 
out,  it  is  still  manifest  that  in  the  traverse  specified  we  must  have 
crossed  faults  with  a  downthrow  towards  the  east  amounting  in  the 
aggregate  to  many  thousands  of  feet.  A  section  across  the  northern 
part  of  the  island  would  bring  out  the  same  point,  for  it  is  evident 
that  the  observed  dips  would,  if  the  succession  were  unbroken, 
carry  the  basalts  far  below  sea-level  on  the  west  coast.  The  faults, 
the  existence  of  which  is  thus  proved,  may  often  evade  notice  in 
mapping,  owing  to  the  impossibility  of  distinguishing  horizons 
in  the  series  and  to  the  concealment  of  much  of  the  ground 
by  drift  and  peat.  Along  the  coast  northward  from  Loch 
Sligachan,  where  Jurassic  strata  are  exposed  below  the  basalts, 
such  faults  as  occur  can  of  course  be  verified  and  their  effect  esti^ 
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mated ;  bnt,  since  this  coast  runs  nearly  along  the  strike  of  the 
volcanic  rocks,  it  contributes  no  information  gennane  to  the  question. 
In  places  where  the  circumstances  are  most  favourable  to  investi- 
gation, as  in  the  Talisker  district,  numerous  strike-faults  can  be 
verified,  the  downthrow  being  in  general  towards  the  east  (fig.  3); 
and  it  is  safe  to  assume  that  the  essential  structure  of  the 
whole  plateau  country  is  that  of  a  succession  of  gently  tilted 
strips  separated  in  this  way  by  strike-faults.  This  is  the  type  to 
which  Powell*  has  given  the  name  of  "Kaibab  Structure." 

"^^gfti  fNUNALMOn  ST0CK1ML  E.tV  S. 


Fio.  3.— Section  from  Taliflker  Bay  through  Preshal  More  and  Stockval  to 
the  Eynort  River,  to  illustrate  the  structure  of  the  basalt  plateaux.  The 
general  dip  is  westerly,  while  the  important  faults  usually  throw  down 
to  the  east.  It  is  probable  that  the  base  of  the  volcanic  series  is  in  no 
place  very  far  below  sea-level.    Scale,  1  inch  to  a  mile. 

The  same  reasons  which  make  it  impossible  to  frame  a  just  esti- 
mate of  the  thickness  of  the  volcanic  series  also  preclude  its  sub- 
division. Excepting  only  some  rather  important  accumulations  of 
volcanic  agglomerate  which  occur  at  the  base  of  the  series  in  the 
central  mountain  district,  all  intercalations  of  pyroclastic  and 
stratified  deposits  among  the  lavas  are  minor  and  strictly  local 
incidents  which  cannot  be  correlated  with  one  another.  The  lavas 
themselves  show  on  the  whole  a  remarkable  uniformity  of  general 
characters,  and  such  varieties  as  occur  we  have  not  been  able  to 
connect  with  difierent  horizons  in  the  series.  Even  the  division 
into  a  Lower  and  an  Upper  group,  well  marked  in  Antrim,  cannot 
be  made  out  in  Skye.  More  accurately,  it  can  be  made  out  in 
one  locality  only,  where  a  group  of  acid  volcanic  rocks  is  interposed 
in  the  midst  of  the  basalts,  and  may  possibly  correspond  with  the 
rhyolites,  etc.,  which  in  Antrim  occur  between  the  two  divisions  of 
the  basalts. 

It  has  long  been  recognised  that  the  British  Tertiary  volcanic 
rocks  were  of  svhaerial  origin.  Professor  Judd  and  Sir  A.  Geikie 
have  both  pointed  out  in  more  than  one  place  the  abundant  evidence 
of  this  ofiered  in  all  parts  of  the  region ;  and  the  contrast  with  un- 
doubted submarine  volcanic  series,  such  as  those  of  Lower  Palaeozoic 
age  in  North  Wales  and  elsewhere,  is  suflBciently  marked.  In  the 
Tertiary  area  we  find  on  the  one  hand  no  marine  deposits  inter- 
bedded  among  the  lavas,  and  on  the  other  hand,  what  is  even  more 
convincing,  the  direct  evidence  that  at  many  stages,  which  repre- 
sent short  pauses  in  the  long  succession  of  eruptions,  individual 
flows  remained  as  actual  land-surfaces  for  sufficient  time  to  allow  of 
the  formation  of  a  soil  and  the  growth  of  terrestrial  vegetation. 
The  only  detrital  and  sedimentary  accumulations  which  occur  are 

*  Amtr,  Joum.  Sci,  (3),  vol.  xiL,  p.  419 :  1876. 
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certain  river-gravels  and  lacustrine  deposits,  always  of  local 
distribution. 

The  evidence  of  terrestrial  conditions  afforded  by  the  contempo- 
raneous weathering  of  the  basalts  and  the  growth  of  vegetation  is 
particularly  well  marked  in  Antrim;  and  in  that  district  a 
continuous  group  of  clays,  lithomarges,  pisolitic  iron-ores,  etc., 
including  a  tuff  with  good  plant  remains,  is  traceable  throughout  a 
large  part  of  the  area.  In  Skye,  where  the  lavas  are  perhaps 
thicker,  they  seem  to  have  been  poured  out  with  fewer,  or  at  least 
shorter,  pauses.  Clays  are  found,  however,  in  some  parts  of  the 
area,  as  will  be  noticed  below,  and  vegetable  remains  are  also  known 
in  numerous  places.  The  plant-beds  of  Skye  have  not  yielded 
specimens  comparable  in  perfection  with  those  from  Ballypallidy 
in  Antrim,  Ardtun  Head  in  Mull,  and  the  Isle  of  Canna,  by  which 
the  Eocene  age  of  the  volcanic  series  has  been  determined  ;*  but 
thin  beds  of  lignite  and  coal  are  found  not  infrequently  in  some 
parts  of  the  island.  Coal  has  been  worked  at  Portree  Harbour, 
Camastianavaig,  Strathaird,  etc.,t  but  only  on  a  small  scale,  the 
beds,  though  sometimes  as  much  as  a  foot  thick,  having  no  great 
lateral  extent.  The  coal  is  usually  impure,  but  this  is  not  always  the 
case ;  at  An  Ceannaich,  south  of  Dunvegan  Head,  for  instance.  Sir  A. 
Geikie  has  remarked  a  seam  of  coal,  about  a  foot  thick,  of  remark- 
able purity.  He  cites  this  as  an  example  of  a  mode  of  occurrence 
not  infrequent,  the  carbonaceous  band  forming  the  highest  member 
of  a  small  group  of  sediments  intercalated  between  two  flows  of 
basaltt 

Concerning  the  accumulations  of  vegetable  origin,  we  have 
nothing  to  add  to  the  brief  accounts  given  by  Macculloch,§  Sir  A. 
Geikie,l|  and  others.  It  is  a  fact  perhaps  worthy  of  notice 
that  the  carbonaceous  deposits  associated  with  the  basalt 
group  are  quite  as  much  mineralised  as  some  of  those  in  the 
Jurassic     strata     (see    analyses),     and     seams     from     1     to    3 
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I.  Lignite,  Ardmore  Point,  Vatemish  ;  "in  a  bed  18  inches  thick,  mostly 
tree  trunks,  overlaid  by  a  bed  of  amygdaloid,  with  an  intervening  bed 
of  red  clay  one  foot  thick  '*  :  anal.  Heddle,  Mineralogy  of  Scotland^ 
vol.  ii.,p.  183:  1901. 

A.  Lignite,  Brora,  Sutherland  ;  in  Jurassic  strata  :   ibid. 

# 

''^See  Starkie  Gkirdner  and  von  Ettingshausen,  Monograph  of  the  British 
Eocene  Flora,  vol.  ii.,  Palceontograph,  Sac.  :  1883-1886. 

t  At  several  places  in  Skye,  including  Strathaird,  inconstant  seams  of  coal 
in  the  Jurassic  have  also  been  worked. 

I  Quart.  Joum.  OeoL  Soc.,  vol.  lii.,  p.  341 :  1896. 
iDescr,  of  West,  Id.  Scot,  vol.  i.,  pp.  360-362  :  1819. 

II  Quart.  Joum,  Oeol.  Soc.,  vol.  lii.,  pp.  341,  342  :  1896. 
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inches  thick  in  some  places  consist  of  very  pure  coal.  Coal 
of  less  pure  nature  may  form  beds  of  six  inches  or  even  a  foot 
in  thiclmess.  These  carbonaceous  deposits  are  often  associated 
with  thin  stratified  (lacustrine)  tuffs,  or  again  with  volcanic  (fluvia- 
tile)  conglomerates,  as  already  noticed. 

It  has  been  stated  above  that  the  basic  lavas  were  poured  forth, 
not  from  large  orifices,  with  their  external  apparatus  of  cone  and 
crater,  such  as  in  popular  parlance  are  connoted  by  the  term 
volcano,  but  from  fissures,  the  insignificance  of  which  individually 
was  more  than  compensated  for  by  their  vast  number.  The  grounds 
for  this  statement  are,  in  brief:  the  enormous  volume  and  extent 
of  the  extravasated  lavas  as  a  whole,  in  contrast  with  the  limited 
dimensions  of  the  several  flows  which  collectively  build  up  the  pile; 
the  almost  total  absence  of  the  pyroclastic  accumulations  which  are 
the  chief  products  of  most  volcanic  vents  of  the  central  type;  and 
the  fact  that  the  lavas,  as  a  group,  show  no  indication  whatever  of 
thickening  towards  particular  centres  and  dying  out  as  we  recede 
from  such  points.  They  show,  indeed,  as  has  been  remarked 
above,  no  sign  of  dying  out  at  all :  the  area  which  they  now 
occupy  in  Skye  is  certainly  only  a  part  of  their  original  extent, 
and  probably  but  one  relic  among  others  of  a  continuous  lava- 
field  of  vastly  greater  dimensions. 

It  is  necessary  to  say  a  few  words  about  the  supposed  basal 
wrecks  of  large  central  volcanoes,  upon  which  Professor  Judd  has 
laid  much  stress  in  developing  his  views  of  British  Tertiary 
vulcanicity.  One  of  these  is  situated  in  Skye,  and  consists  of  the 
large  masses  of  gabbro  and  granite  which  constitute  the  mountain 
tract,  these  representing,  in  that  geologist's  view,  the  core  of  a 
volcano  which  once  rose  12,000  or  15,000  feet  above  a  base  about 
thirty  miles  in  diameter.  Professor  Judd's  papers,  as  well  as  those 
by  Sir  Archibald  Geikie  combating  his  conclusions,  are  cited  in 
the  Appendix.  It  will  be  suflBcient  in  this  place  to  say  that  our 
survey  proves  these  plutonic  rocks,  both  gabbro  and  granite,  to  be 
younger  than  any  extravasated  lavas  in  Skye.  Partly  they  break 
abruptly  through  the  older  strata,  though  without  any  indication 
that  their  molten  magmas  ever  found  exit  at  the  surface  above ; 
partly,  and  more  usually,  they  are  intruded  as  large  irregular 
sheets  or  lacolites  at  or  near  the  base  of  the  volcanic  group.  In 
both  modes  of  occurrence  they  produce  intense  metamorphism  in 
the  volcanic  rocks  in  their  neighbourhood,  and  enclose  numerous 
patches  of  those  rocks,  also  in  a  highly  metamorphosed  condition. 
We  shall  have  occasion  to  remark  below  that  there  are  both 
gabbros  and  granites,  nowhere  exposed  at  the  surface,  belonging  to 
an  earlier  date ;  but,  as  the  evidence  for  the  existence  of  these  is 
their  occurrence  as  fragments  in  the  agglomerates  at  the  base  of. 
the  volcanic  series,  they  are  manifestly  older  than  any  of  the 
volcanic  rocks.  If,  as  is  possible,  there  do  exist  plutonic  rocks  of 
the  same  general  age  as  the  basaltic  and  other  lavas,  representing 
the  unexhausted  portion  of  a  great  subterranean  reservoir  from 
which  those  lavas  were  drawn,  they  must  be  situated  at  a  great 
depth,  and  must  have  an  enormously   greater  extent  than  the 
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gabbro  and  granite  masses  of  the  Skye  mountains.  Also,  in  view 
of  the  great  predominance  of  basic  types  among  the  lavas  both  of 
Skye  and  of  other  parts  of  the  "  petrographical  province,"  it  is 
clear  that,  among  such  hypothetical  plutonic  masses,  granite  can 
play  at  most  a  very  subordinate  role. 

We  may  picture  the  channels  through  which  the  lavas  rose  to 
the  then  surface  as  ordinarily  straight  vertical  fissures,  which  would 
naturally  be  occupied,  when  volcanic  activity  finally  died  out,  by 
the  latest  uprise  of  the  molten  magma :  in  other  words,  they  must 
be  represented  now  by  dykes  of  the  same  general  composition  as 
the  extravasated  lavas  themselves.  Such  dykes  are  often  seen  in 
profusion  where  the  lavas  have  been  stripped  by  erosion  from  the 
adjacent  rocks.  They  are  of  moderate  width,  a  few  feet  at  most, 
running  in  nearly  straight  lines  in  directions  which  do  not  vary 
much  from  N.N.W.-S.S.E.,  or  N.W.-S.E.,  and  composed  of 
basalt  and  dolerite.  It  is  not  to  be  assumed  that  all  dykes  in  the 
district  answering  to  this  description  represent  feeders  of  the  lava- 
flows  :  we  shall  have  to  point  out  below  that  some  were  possibly 
feeders  of  the  intrusive  sills,  while  very  many — probably  the 
majority — are  of  still  later  date.  Generally  speaking,  the  number 
of  dykes  which  traverse  the  lava-series  becomes  smaller,  in  any 
given  locality,  as  we  pass  upward.  This  is  very  largely  due  to  the 
resistance  offered  by  the  often  massive  intruded  sills  to  the  passage 
of  later  dykes ;  but  no  doubt  it  is  owing  also  in  some  degree  to  the 
fact  that  those  dykes  which  represent  the  feeders  of  the  lavas 
necessarily  terminate  each  at  its  appropriate  flow. 

It  would  be  satisfactory  to  verify  in  some  instances  by  ocular 
demonstration  the  presumed  continuity  of  dyke  and  lava-flow,  but 
no  undoubted  example  of  this  has  come  under  our  notice.  There 
would  be  in  any  case  small  chance  of  the  relation  being  often 
displayed,  and  it  is  to  be  remembered  that  the  lavas,  in  consequence 
of  their  proneness  to  disintegration  under  subaSrial  agencies,  are 
rarely  well  exposed.  All  the  salient  features  in  the  basalt  country 
are  formed  by  the  intrusive  sills,  and  for  long  distances  the 
lavas  themselves  are  never  seen  except  perhaps  in  the  bed  of  an 
occasional  bum. 

It  appears  that  the  form  of  the  upward  channels,  while  in  the  great 
majority  of  cases  a  straight  fissure,  was  liable  to  some  modification 
in  form  in  traversing  certain  rocks.  An  interesting  illustration  of 
this  occurs  to  the  south  of  Creag  StroUamus,  in  the  Broadford 
district.  The  base  of  the  lavas  is  here  seen  resting  on  the  Torridon 
Sandstone,  which  in  this  part  of  Skye  is  a  massive  close-grained 
grit,  and  very  near  this  spot  passes  locally  into  quartzite.  This  rock, 
as  we  shall  have  occasion  to  note  in  a  later  chapter,  is  of  a 
singularly  obdurate  nature  as  regards  admitting  the  passage  of 
dykes.  At  this  place,  extending  for  500  yards  along  the  N.W. 
side  of  Allt  Feania,  we  have  a  surface  of  Torridon  Sandstone  from 
which  the  lavas  have  been  stripped  away.  With  the  sandstone  we 
see  little  patches  of  basalt,  the  largest  not  much  over  a  hundred 
yards  in  length.  They  resemble  the  lavas  which  come  on  in  force 
a  short  distance  away,  but  they  are  not  outliers  of  them.     They 
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do  not  lie  on  the  surface  of  the  sandstone,  but  traverse  it  and  are 
involved  with  it  in  an  intricate  fashion.  The  larger  outcrops  are 
long  in  comparison  with  their  breadth,  and  their  long  axes  have 
the  direction  of  the  dykes  of  the  district.  They  are  too  irregular 
in  outline  to  be  termed  dykes,  but  we  must  regard  them  as  the 
analogues  of  the  dykes  seen  in  other  kinds  of  country-rock,  and  as 
representing  the  channels  by  which  the  lavas  rose  through  the 
Torridon  Sandstone  at  this  place.  It  is  notewoi-thy  that  in  this 
neighbourhood,  e.g.  N.E.  of  Loch  CiHil  na  Creag,  the  lavas 
occasionally  enclose  fragments  of  sandstone.  In  general  the 
lavas  of  the  district  are  remarkably  free  from  inclusions  of  any 
kind. 

Another  locality  which  exhibits  remarkable  relations  between 
the  lavas  and  the  rocks  through  which  they  have  been  erupted  is 
the  northern  slope  of  Creagan  Dubha,*  the  basaltic  crags 
immediately  north  of  Beinn  Dearg  Mhdr  (of  Strath).  Here 
several  small  patches  of  grit,  probably  Liassic,  are  involved  in 
the  lavas.  As  they  are  found  up  to  about  200  feet  from  the 
base  of  the  lava-group,  their  presence  is  not  easily  explained. 

The  thicJcness  and  extent  of  the  individual  flows  is  a  question  of 
importance  with  reference  to  the  hypothesis  of  fissure-eruptions. 
The  evidence  on  this  point  is  chiefly  of  an  indirect  kind,  for  it  is 
not  always  possible  to  determine  by  inspection  the  actual  line  of 
junction  of  two  flows,  and,  as  has  been  said,  exposures  showing 
any  considerable  total  thickness  of  the  lavas  are  rare.  A  criterion 
often  applicable  in  other  regions,  viz.  the  vesicular  or  scoriaceous 
character  of  the  upper  and  lower  surfaces  of  a  flow,  fails  us  here, 
because  the  lavas  are  as  a  rule  vesicular  throughout.  This  fact  is 
perhaps  suflScient  in  itself  to  suggest  that  the  flows  are  thin  and 
numerous,  and  more  positive  testimony  to  the  same  efiect  is  not 
wanting.  We  shall  describe  later  the  important  group  of  dolerite 
sills  which  are  intruded  with  remarkable  regularity  along  the 
bedding  of  the  lavas.  In  some  places  these  sills  are  of  small  thick- 
ness, and  are  intruded  at  short  intervals  in  the  vertical  succession. 
K  we  assume  that  the  lava  between  two  such  sills  represents  in 
each  case  a  single  flow,  we  find  that  the  average  thickness  of  the 
flows  may  be  about  20  feet  or  somewhat  less.  This  is  probably  an 
over-estimate,  for  we  are  scarcely  warranted  in  assuming  that  every 
divisional  surface  between  the  lava-flows  has  been  injected  with  the 
sill-magma. 

In  one  place,  as  will  be  shown  later,  we  get  a  more  definite 
insight  into  the  manner  in  which  the  great  mass  of  basalts  is  built 
up  by  many  small  overlapping  flows.  This  is  in  An  Fhionn-choire, 
on  the  northern  border  of  the  Cuillins,  where  we  have  intercalated 
among  the  basic  lavas  a  group  of  rhyolitic  and  other  rocks  which 
are  very  difierent  from  them.  Here  it  is  seen  that  these  acid  rocks 
dovetail  into  the  basalts  in  a  fashion  which  proves  that  the  latter, 
as  well  as  the  former,  are  of  very  complex  constitution,  consisting 

*  The  Ordnance  Survey  does  not  place  the  name  correctly  :  on  the  six-inch 
map  the  crags  are  called  Coire  Garoh,  this  name  belonging  to  the  corrie  on 
the  east. 
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of  many  comparatively  thin  sheets  which  rapidly  thin  out  in  a 
lateral  direction  (see  Fig.  9,  below). 

In  other  places,  and  especially  in  the  Talisker  district,  the 
individual  flows  may  be  picked  out  by  the  effects  of  contempo- 
raneous atmospheric  weathering,  which  has  produced  advanced 
decomposition  in  the  upper  surfece  of  one  flow  before  it  was 
covered  by  another.  Here  again  we  find  ample  confirmation  of 
the  statement  that  the  great  thickness  and  extent  of  the  basalt 
group  results  only  from  the  superposition  and  overlapping  of  a  vast 
number  of  separate  flows,  each  of  which  is  of  very  insignificant 
dimensions. 
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CHAPTEE  n. 
Volcanic  Agglomerates,  Tuffs,  and  Conglomerates. 

In  this  and  the  three  chapters  next  following  we  shall  describe 
in  detail  the  volcanic  rocks  of  Skye.  Departing  to  some  extent  for 
convenience  from  strict  chronological  order,  we  shall  treat  these 
rocks  as  follows: — First,  the  pyroclastic  accumulations,  which, 
though  not  confined  to  one  horizon,  have  their  principal  represen- 
tatives at  the  base  of  the  whole  series ;  second,  the  basic  lavas 
which  make  up  the  greater  part  of  the  succession ;  and  third,  the 
trachytic  and  rhyolitic  rocks  intercalated  in  the  midst  of  the 
sequence.  While  the  basic  lavas  have  what  may  be  termed  a 
regional  distribution,  and  there  is  no  reason  other  than  the 
geographical  one  for  treating  separately  those  of  the  Isle  of  Skye, 
the  other  rocks  enumerated  represent  purely  local  episodes 
connected  with  the  special  focus  of  igneous  activity  of  Central 
Skye.  This  distinction  is  essential  to  an  understanding  of  the 
true  relationship  of  the  several  groups  of  rocks,  and,  as  already 
intimated,  we  shall  apply  it  also  to  the  various  groups  of  intrusions 
to  be  dealt  with  subsequently. 

Disregarding  for  the  present  the  rhyolitic  and  trachytic  rocks  to 
be  treated  in  Chapter  V.,  one  of  the  most  striking  features  of  the 
volcanic  series  of  Skye  taken  as  a  whole  is  the  comparative  scarcity  of 
fragmental  acctmiulations.  Throughout  the  greater  part  of  its 
extent,  so  far  as  the  detailed  survey  has  gone,  the  succession  of 
basic  lavas  is  found  to  be  almost  unbroken  by  any  intercalation  of 
volcanic  tufi*,  breccia,  or  agglomerate.  Only  occasionally,  and  as 
a  rule  at  a  low  horizon,  do  we  meet  with  a  thin  and  inconstant  bed 
among  the  lavas  which  tells  of  a  local  outburst  of  a  more  energetic 
kind ;  and  only  at  or  near  the  actual  base  of  the  series  do  we 
encounter  pyroclastic  accumulations  of  any  important  magnitude 
and  extent.  The  general  absence  of  fragmental  volcanic  rocks  is 
quite  in  accord  with  the  tranquil  welling  out  of  the  extravasated 
material  which  characterises  fissure-eruptions  in  other  countries ; 
and  it  is  also  consistent  with  what  is  known  of  like  cases  that  such 
an  extensive  and  long-continued  outpouring  of  lava  should  be 
ushered  in  by  eruptions  of  a  more  vigorous  and  indeed  violently 
explosive  nature.  The  vast  fissure-eruptions  of  Wyoming  and 
Idaho,  for  example,  were  preceded  by  explosive  outbursts  which 
gave  rise  to  the  breccias  of  the  Absaroka  Bange.  The  extreme 
violence  of  these  early  eruptions  in  Skye  is  attested  by  the 
tumultuous  accumulations  of  shattered  blocks  and  fragments  of 
all  sizes,  which  in  two  or  three  places  rest  on  the  Jurassic  and 
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other  strata  and  attain  a  thickneBs  of  many  handreds  of  feet.  We 
obtain  additional  evidence,  and  also  Bome  inBight  into  the  nature 
of  these  eruptions,  from  the  actual  veiiU  which  are  still  to  be 
detected  in  more  than  one  instance.  It  will  be  convenient  to 
notice  the  largest  ond  most  important  of  these  vents  before  pro- 
ceeding to  describe  the  more  or  lesB  clearly  bedded  pyroclastic 
accumnlations. 

The  largest  area  of  volcanic  agglomerate  in  Skye  lies  immediately 
south  of  the  eastern  Red  Hills  of  Strath  and  north-vest  of  Loch 
KiUhrist,  about  2^  miles  from  Broadford,  It  is  bounded  on  the 
north  side  by  the  subsequently  intruded  granite  of  Beinn  Dearg 
Bheag,  etc.,  and  its  precise  relations  to  the  neighbouring  stratified 
rocks,  Cambrian  limestones  and  Lias,  are  in  some  other  places 
obscured  by  other  intrusions  and  by  faults  ;  but  there  is  sufficient 
evidence  to  show  that,  excluding  the  narrow  strip  extending 
north-westward,  the  a^lomerate  cannot  be  regarded  as  a  bedded 
or  lenticular  mass.  The  main  body  breaks  abruptly  through  the 
adjacent  strata,  and  must  have  a  highly  inclined  or  quasi-vertical 
boundary  with  a  roughly  cylindrical  form  (Fig.  4).     Its  extent, 
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Fio.  4. ^Section  across  the  volcanic  vent  of  Kilchrist ;  sboning  the  volcanic 
ftgalomerate  breaking  through  a  sharp  antioline  of  Cambrian  limestone, 
and  itself  invaded  b;  a  later  intrusion  of  a  peculiar  eranophyre,  full 
of  debris  of  gabbro,  tii  be  described  later.     Scale,  IJ  inch  to  a  mile. 

measured  north-eastward  from  the  high-road  at  Kilbride,  is  more 
than  2i  miles,  but  it  is  clear  that  its  northern  portion  has  been 
out  off  by  the  subsequent  intrusion  of  the  granite,  which  sharply 
truncates  the  boundary  of  the  agglomerate  as  shown  on  the  map. 
The  surface  of  the  mass  is  broken  into  small  irregular  hills, 
rounded,  but  with  a  characteristic  "knobby"  appearance,  con- 
trasting equally  with  the  smooth  slope  of  the  granite  above 
and  the  scar-like  spread  of  the  limestones  on  the  opposite  Bide  of 
the  strath  (Fig.  5). 

The  agglomerate  forming  the  large  mass"  consists  of  material 
partly  volcanic,  partly  non-volcanic,  closely  commingled.  Of  the 
recognisable  elements  basic  lavas  are  the  most  abundant,  in  pieces 
ranging  in  size  from  small  fragments  to  blocks  a  foot  or  more  in 
diameter,  and  in  some  places  as  much  as  five  or  six  feet.  They 
seem  in  all  cases  to  be  derived  from  the  breaking  up  of  pre-exist- 

'*Ita  true  nature  was  first  recognised  by  Prof.  Judd,  Quart.  Joura.  Oeol. 
Soc.,  vol.  XST.,  p.  255  ;  1874.  It  has  been  described  by  Sir  A.  Qeikie,  Tram. 
Boy.  aoc  Bdin.,  vol.  xisv.,  pp.  lO&^llO  :  1888. 
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ing  masses,  true  bombs  not  being  recognised.  Sandstones  also 
figure  largely  among  the  fragments.  Most  of  them  are  probably 
from  Jurassic  rocks,  but  the  Torridonian  seems  also  to  be 
represented,  sometimes  in  the  form  of  quartzite.  Jurassic  shales 
are  occasionally  found.  Other  rocks  occur  only  sparingly,  and  it 
is  remarkable  that  the  Cambrian  limestones  are  rarely  met  with. 
The  few  pieces  of  these  latter  were  found  in  the  western  portion 
of  the  mass  only.  All  these  larger  elements,  usually  constituting 
a  large  proportion  of  the  whole,  are  embedded  in  a  fine-textured 
matrix  of  a  dull  dark  green  colour.  Nowhere  is  there  any 
indication  of  stratification  or  of  any  sorting  of  the  coarser  and 
finer  materials;  although  there  are  places  where  no  conspicuous 
fragments  meet  the  eye,  so  that  the  rock  might  be  described 
petrographically  as  becoming  a  tufi*  rather  than  an  agglomerate. 

Embedded  in  the  mass  at  various  spots  are  patches  of  basic 
lavas  100  or  200  yards  in  length,  which  we  cannot  suppose  to 
have  been  thrown  up  in  an  explosion.  They  have  a  lenticular 
shape,  and  are  sometimes  bounded  by  lines  which  might  be  laid 


Fio.  5. — Contrasted  outiines  of  volcanic  agglomerate  and  granite,  as  seen 

from  Broadf ord. 

The  low  broken  hills  to  the  left  mark  the  situation  of  the  Kilohrist  vent,  and 
are  composed  of  volcanic  agglomerate.  The  smooth  outline  of  the  granite 
is  seen  in  Beinn  Dearg  Bheag  and  Beinn  na  Caillich,  which  form  part  of 
the  Red  Hills.  In  one  place  on  Beinn  na  Caillich  this  smooth  outline  is 
broken  by  the  outcrop  of  a  large  dyke  intersecting  the  granite. 

down  on  the  map  as  faults,  but  are  not  to  be  traced  farther.  In 
one  place,  just  N.W.  of  Meall  Coire  Trusaidh,  a  patch  of  Torri- 
donian quartzite  nearly  100  yards  long  is  included  in  the  same 
fashion.  These  relatively  large  enclosed  patches  must  be 
explained  by  supposing  that  the  vent  has  been  enlarged  by 
successive  stiages,  and  that  portions  of  the  bounding  wall  which 
fell  in  have  sometimes  escaped  destruction  by  later  outbursts.  It 
is  important  to  notice  that  the  large  blocks  in  the  agglomerate 
and  a  considerable  proportion  of  the  fragments  of  medium  size 
must  have  been  derived  not  from  below  but  from  above.  They 
came  from  the  breaking  up  of  rocks,  now  removed,  which  were 
traversed  by  the  upward  prolongation  of  the  funnel.  This  appears 
from  the  large  amount  of  basalt  obviously  derived  from  the 
shattering  of  some  old  coulSe,  and  equally  from  the  composition  of 
the  non-volcanic  element  in  the  agglomerate.  As  regards  the 
latter,  the  map  shows  that  the  vent,  as  we  now  see  it,  is  drilled 
through  the  Cambrian  limestones  almost  exclusively,  touching  the 

B 
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Jurassic  only  for  a  short  distance  at  the  western  edge:  still 
Jurassic  rocks  are,  after  basalt,  the  most  important  constituent  of 
the  agglomerate,  while  the  limestones  are  practically  not 
represented.  It  is  clear  that  the  Jurassic  sandstone  of  the 
agglomerate,  like  much  of  the  basalt,  came  from  overlying  strata 
now  removed.  The  occasional  presence  of  fragments  of  granite 
and  other  acid  igneous  rocks  raises  a  different  question,  to  be 
discussed  later. 

The  finely  divided  material  which  forms  the  matrix  seems  to  be 
in  the  main  of  basaltic  composition.  In  part  it  may  have  been 
produced  by  the  mutual  concussion  and  friction  of  the  blocks  and 
fragments,  which  are  now  mostly  of  sub-angular  shape ;  in  part  it 
probably  represents  true  volcanic  dust  thrown  up  directly  by  the 
eruptions.  To  this  later  origin  also  we  may  ascribe  many  of  the 
smaller  fragments  of  basalt,  and  especially  those  having  a  highly 
vesicular  or  scoriaceous  texture. 

It  is  interesting  to  note  the  close  resemblance  between  the  Kil- 
christ vent  and  that,  of  similar  large  dimensions  and  doubtless  of 
the  same  age,  in  the  central  part  of  the  Isle  of  Arran.*  In  the 
latter,  as  in  the  former,  the  enclosed  fragments  embrace  various 
sedimentary  as  well  as  igneous  rocks;  and  some  of  them,  including 
patches  of  large  extent,  must  have  fallen  into  the  vent  from  above. 
There  are  also,  as  in  Skye,  fragments  of  plutonic  rocks  identical  in 
character  with  those  which  at  a  later  epoch  were  intruded  in  the 
immediate  vicinity.  The  matrix  of  the  Arran  agglomerate  con* 
tains  much  more  non-igneous  material  (quartz-grains,  etc.)  than 
that  of  Kilchrist,  but  there  is  the  same  ultimate  base  of  finely- 
divided  basaltic  tuff.  A  curious  point  of  similarity  is  the  fact  that 
the  Arran  vent  is  surrounded  by  a  partial  ring  of  later  intrusive 
rocks,  chiefly  a  granite  which  in  places  is  greatly  modified  by  basic 
xenoliths.  The  con'esponding  phenomena  in  the  case  of  the 
Kilchrist  vent  will  be  described  in  their  place  below  (Chap.  XI.). 

Of  the  material  ejected  from  the  great  Kilchrist  vent  over  the  sur- 
rounding country  but  scanty  relics  remain,  owing  to  the  subsequent 
invasion  of  granite  and  to  the  extensive  erosion  which  has  affected 
the  whole  district  in  later  times.  A  strip  of  bedded  agglomerate, 
however,  runs  along  the  south-western  border  of  the  granite,  and 
is  continuous  on  the  map  with  the  agglomerate  filling  the  vent.  It 
overlies  Jurassic  strata  with  only  a  small  thickness  of  basalt  inter- 
vening. Its  full  thickness  is  not  seen,  owing  to  its  being  cut  off 
by  the  granite,  but  its  evident  prolongation  northward,  along  the 
western  base  of  Creagan  Dubha,  is  at  first  some  hundreds  of  feet 
thick,  rapidly  thinning  away.  It  probably  did  not  extend  much 
farther,  and,  as  Sir  A.  Geikie  has  pointed  out,  at  An  Camach,  in 
the  Strathaird  peninsula,  only  two  miles  west  of  the  vent,  a  thick 
series  of  basaltic  lavas  rests  directly  on  the  Jurassic.  The  relics  of 
volcanic  rocks  enclosed  in  the  granite  on  the  N.E.  side  of  Beinn  na 
Caillich  prove  in  like  manner  that  the  agglomerate  has  not  extended 

♦Peach  and  Gunn,  Quart.  Joum,  Qeol,  8oc,,  vol.  Ivii.,  pp.  226-229  :  1901  ; 
Gunn,  The  Oeology  of  North  Arran  {Mem  Gtd,  Svr.  Scot.),  pp.  79-83 ;  and 
Barker,  ibid.,  pp.  103,  104  :  1903. 
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more  than  1^  mile  from  the  vent  in  a  northerly  direction.  This 
rapid  thinning  away  of  very  thick  accumulations  of  volcanic  agglo- 
merate is  quite  in  accord  with  what  is  seen  elsewhere  in  the  district; 
and  the  outburst  thus  indicated,  the  earliest  manifestation  of 
volcanic  activity  in  this  neighbourhood,  may  well  have  been  one  of 
important  magnitude.  That  activity  was  renewed  at  this  vent  at  a 
later  time  is  not  improbable  in  itself,  and  seems  necessary  to  account 
for  the  profusion  of  basalt  blocks  and  fragments  in  the  volcanic 
pipe ;  but  any  direct  evidence  of  such  later  eruptions  in  the  form  of 
bedded  agglomerates  has  been  destroyed  by  erosion.  By  analogy 
we  may  infer  that  the  chief  outbursts  were  comprised  within  the 
earlier  part  of  the  volcanic  period. 

Another  locality  in  Skye  where  the  actual  form  and  relations  of  a 
volcanic  vent  are  partially  displayed  is  on  the  Sound  of  Soay. 
Along  this  part  of  the  coast-section  the  base  of  the  volcanic  series 
rises  above  sea-level,  and  for  some  distance  a  strip  of  Mesozoic 
strata  intervenes  between  the  basalts  and  the  underlying  Torri- 
donian.  It  is  of  special  interest  as  one  of  the  few  places  in  the 
Western  Isles  where  deposits  of  Cretaceous  age  are  to  be  seen. 
This  strip  of  coast  was  surveyed  by  Mr  Clough,  who  has  supplied 
the  notes  which  follow.  It  will  be  seen  that  this  vent  is  of  much 
smaller  dimensions  than  that  of  Ealchrist.  Its  position  is  marked 
by  a  small  mass  of  agglomerate  about  700  yards  west  of  the  mouth 
of  Allt  nan  Leac,  beneath  the  basalts,  which  pass  over  it  unbroken. 
"It  is  about  40  yards  broad,  and  has  nearly  vertical  boundaries, 
both  on  the  west  and  on  the  east.  In  all  probability  it  belongs  to  a 
small  volcanic  vent  or  blowhole,  which  has  broken  through  the 
adjacent  Cretaceous  and  Liassic  beds  ....  The  materials  in  this 
agglomerate  comprise  blocks  of  soft  red  sandstone,  some  of  them 
broken  and  angular  and  several  yards  long,  which  are  probably  of 
Cretaceous  age ;  also  many  lumps  of  chert,  containing  sponge  spi- 
cules and  foraminiferas  like  those  in  the  Cretaceous  cherts  found  in 
situ  near  at  hand,  and  a  few  pieces  of  quartzite  and  soft  green  sand- 
stone. Some  of  the  pieces  of  chert  contain  red  cores,  the  nature 
of  which  has  not  been  determined.  No  fragments  of  igneous  rock 
were  noticed;  but,  besides  the  basalt  which  overlies  the  agglomer- 
ate, there  were  an  extensive  sheet  of  basalt  at  the  bottom  and  a 
thin  basalt  dyke  at  the  west  side." 

On  the  east  side  of  the  mass  just  described  is  a  bedded  agglome- 
rate underlying  the  basalts  and  possibly  ejected  from  the  same 
vent,  though  the  occurrence  of  fragments  of  igneous  rock  presents 
an  interesting  point  of  difference.  "  It  is  in  places  20  feet  thick, 
but  in  others  only  two  or  three  feet,  or  even  not  represented  at  all. 
In  it  are  noticed  many  pieces  of  highly  vesicular  decomposed 
igneous  rock  and  others  of  Torridonian  grit,  red  sandstone,  and 
limestone,  the  two  last-mentioned  rocks  having  apparently  been 
derived  from  Cretaceous  and  Liassic  beds  like  those  which  occur 
below.  The  agglomerate  is  injected  with  various  thin  irregular 
squirts  of  basalt ;  and  in  one  inaccessible  cliff  there  is  a  remarkable 
aggregation  of  pieces  of  limestone,  some  of  them  six  feet  long, 
lying  in  a  matrix  which  seemed  from  below  as  if  it  might  be  basalt." 


20  Volcanic  Agglomerates  of  Creag  StroUamug. 

It  is  clear  that  the  ezploeive  outborst  to  which  these  aocomala- 
tions  of  coarse  a^lomerate  are  to  be  attributed  belongs  to  the  very 
earliest  stage  of  volcanic  activity  at  this  place.  The  occurrence  of 
fragments  of  fossiliferous  Mesozoic  rocks  recalls  the  large  volcanic 
vent  of  Arran,  which  has  preserved  in  the  same  way  the  only  direct 
evidence  of  the  former  existence  in  that  island  of  Rhaetic,  Liassic, 
and  Cretaceous  strata. 

We  pass  to  those  pyroclastic  accumulations  which,  in  contradis- 
tinction to  the  contents  of  the  vents,  we  have  called  bedded.  By 
this  term  we  do  not  imply  the  existence  of  a  visible  stratified  dis- 
position, but  merely  that  the  deposits  in  question  occupy  a  definite 
horizon  in  the  volcanic  succession,  usually  at  or  near  the  base  of  the 
series.  They  have,  as  a  rule,  an  evidently  lenticular  shape,  some- 
times thinning  away  rapidly  from  a  central  point. 

The  bedded  agglomerate  seen  on  the  south-west  and  west  border 
of  the  eastern  Bed  Hills  of  Strath  has  already  been  mentioned, 
and  calls  for  no  detailed  description.  Generally  speaking  it 
consists  of  a  dull  green  matrix  of  basaltic  composition  enclosing 
abundant  fragments  of  lava.  Comparing  it  with  the  agglomerate 
of  the  great  vent  close  by,  we  miss  the  large  basalt  blocks  and 
the  profusion  of  sandstone  fragments  which  characterise  the  latter ; 
a  circumstance  which  might  be  anticipated  after  the  remarks  made 
above. 

Farther  to  the  north-east,  near  the  high-road  which  there  follows 
the  coast-line,  in  a  strip  of  country  much  broken  by  faults,  we  find 
certain  agglomerates  which  are  worthy  of  passing  remark.  Their 
relations  are  obscured  by  intrusions  as  well  as  by  faulting ;  and  a 
farther  difficulty,  experienced  also  in  some  other  parts  of  the 
district,  arises  from  brecciation  due  to  mechanical  causes.  For 
instance,  a  rock  on  the  shore  north-east  of  Creag  Strollamus,  taken 
at  first  as  a  volcanic  agglomerate  composed  of  acid  igneous  rocks, 
proved  upon  closer  examination  to  be  merely  a  crushed  and  brecci- 
ated  granite  (see  Plate  VII.),  and  specimens  from  several  other 
localities  gave  a  like  result,  while  others  did  not  permit  of  any 
certain  conclusion.  Nevertheless,  the  existence  of  agglomerates 
containing  abundant  fragments  of  acid  rocks  is  easily  established, 
these  being  in  places  free  from  any  efiects  of  ci-ushing,  especially 
when  they  are  caught  up  as  patches  in  the  gabbro  and  granite  of  the 
district.  One  specimen  sliced  [6836]  shows  numerous  irregularly 
shaped  fragments  of  pink  granophyre,  up  to  an  inch  or  two  in 
diameter,  set  in  a  dark  greenish  grey  matrix.  The  matrix  itself  is 
chiefly  of  acid  material  also,  with  abundant  chips  of  felspar  and 
minute  rock-fragments ;  but  there  is  also  some  admixture  of  basic 
tuff-material,  besides  a  few  recognisable  fragments  of  basalt. 
Rocks  of  this  type,  containing  granite,  granophyre,  etc.,  occur 
at  several  localities. 

An  area  of  volcanic  agglomerate  and  tuff,  with  an  extent  of  more 
than  one  mile  and  a  half,  is  seen  in  the  upper  parts  of  Caire 
Coinnich  and  Poire  na  SeUg,  and  forms  the  north-western  spur  of 
Belig.     Its  original  relations  are  nowhere  displayed,  except  to  the 
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north-east  of  Belig,  where  it  dips  under  the  basaltic  lavas.  Farther 
west  it  is  covered  by  gabbro,  and  everyivhere  it  is  underlain  by 
granite,  both  of  later  age.  It  seems  highly  probable,  however,  that 
the  upper  and  lower  surfaces  of  the  lenticular  mass  have  themselves 
determined  in  great  part  the  horizons  at  which  the  two  plutonic 
rocks  were  intruded ;  so  that  little  of  the  agglomerate  is  cut  off, 
and  the  maximum  thickness  seen,  some  1000  or  1200  feet,  repre- 
sents approximately  the  original  total.  Where  thickest,  the  material 
consists  of  the  usual  dirty-green  matrix  enclosing  abundant  frag- 
ments which  range  in  size  up  to  blocks  of  more  than  two  feet  in 
diameter.  In  addition  to  basalt,  gabbro  is  extremely  abundant, 
while  in  some  parts  quartz-porphyry  and  granite  are  well  repre- 
sented.  In  places  the  agglomerate  gives  way  to  a  grey  tuff  of  acid 
composition  without  conspicuous  fragments.  It  is  especially 
noticeable  that  the  large  fragments  become  fewer  as  the  deposit 
thins  out  westward  and  dies  away  (or  is  obliquely  cut  off)  on  the 
ridge  of  Qarbh-bheinn. 

The  other  principal  mass  of  volcanic  agglomerate  and  tuff  in  the 
district  is  exposed  above  Strath  na  Creitheach  in  the  slope  leading 
up  to  Druim  a/n  Eidhne,  This  also  is  overlain  by  gabbro  and 
underlain  by  granite,  but  in  this  case  the  intrusive  rocks  have 
evidently  cut  into  the  agglomerate  much  more  than  in  the  former, 
and  what  is  left  probably  does  not  adequately  represent  the  original 
dimensions.  The  broad  spread  occupying  the  rough  slope  to  the 
north-west  of  Loch  na  Creitheach  has  a  diameter  of  about  a  mile 
and  a  thickness  of  probably  300  or  400  feet ;  in  addition,  a  narrow 
strip  extends  for  another  mile  just  below  the  gabbro  of  Druim  an 
Eidhne.  The  greater  part  of  the  mass  may  fairly  be  termed 
agglomerate,  since  it  contains  abundant  fragments  of  various  sizes 
set  in  a  greyish  green  or  dull  green  matrix  of  finer  material  (Plate  I.). 
Among  the  fragments  gabbro  figures  largely,  as  well  as  basalt. 
In  places  we  find  instead  of  agglomerate  a  fine-textured  tuff, 
thoroughly  compacted,  with  conspicuous  bands  of  darker  and 
lighter  grey.  From  the  irregular  distribution  of  this  tuff,  and  the 
conflicting  dips  which  it  shows,  it  seems  probable  that  it  has  been 
broken  up  by  some  outburst  from  below  or  by  an  uneven  settling 
down,  suggesting  that  the  actual  vent  of  eruption  is  concealed 
below.  Tne  agglomerate  is  not  perceptibly  less  coarse  in  the 
narrow  strip  along  Druim  an  Eidhne  than  in  the  broad  area  below; 
and  the  same  remark  applies  to  an  isolated  patch  a  quarter  of  a 
mile  wide  and  more  than  a  mile  in  length  wholly  enclosed  in  the 
gabbro  farther  west.  Here  the  pieces  of  gabbro  and  basalt  are 
sometimes  three  or  four  feet  across.  These  facts  may  be  taken  to 
indicate  that  the  agglomerate  actually  seen  is  only  the  relics  of  a 
more  extensive  mass. 

It  may  be  noted,  without  going  further  into  detail,  that  numerous 
small  patches  of  agglomerate,  breccia,  and  tuff  occur  entangled  in 
the  gabbro  throughout  the  Cuillins,  often  in  a  highly  metamorphosed 
state.  They  occur  not  only  near  the  boundary  of  the  gabbro  area, 
but  &iX  in  the  interior,  and  at  various  altitudes.  The  highest 
summit  of  all,  for  example,  is  formed  by  a  metamorphosed  volcanic 
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breccia,*  Many  of  these  patches  are  associated  with  basaltic  lavas, 
but  otherwise  their  original  relations  are  lost.  All  these  pyroclastic 
rocks  in  the  mountains  seem  to  be  of  basic  composition ;  the  recog- 
nisable fragments  are  of  basalt  and  often  abundant  gabbro. 

Although  the  relics  of  the  volcanic  rocks  in  the  mountain  tract 
are  severed  from  their  original  associations,  the  structure  of  the 
great  gabbro  mass  in  which  they  have  been  entangled,  to  be 
described  later,  permits  us  to  assert  that  the  disturbance  caused  by 
its  intrusion  was  restricted  within  certain  limits.  We  cannot 
suppose  that  the  small  patches  of  volcanic  breccia  and  agglomerate 
now  seen  high  up  in  the  northern  and  western  Cuillins  have  been 
brought  up  from  the  base  of  the  whole  volcanic  series.  These 
patches  must  belong  to  various  horizons  in  that  series ;  and  we 
learn  that  explosive  eruptions,  though  not  equal  in  magnitude  and 
violence  to  the  earliest  ones,  recurred  at  various  epochs  among  the 
fissure-eruptions  of  basic  lavas.  These  small  outbursts  were  princi- 
pally confined  to  what  is  now  the  mountain-dist^'ict.  Here  the 
earliest  paroxysmal  eruptions  were  chiefly  concentrated,  and  attained 
their  greatest  violence,  and  here  too  minor  eruptions  of  like  type 
were  resumed  locally  and  occasionally  during  the  volcanic  period. 
The  area  which  was  subsequently  to  be  afiected  by  the  great 
plutonic  intrusions  was  already  marked  out  as  a  special  centre  of 
igneous  activity. 

It  is  highly  probable  from  the  observed  field-relations  that  the 
two  last-mentioned  large  masses  of  volcanic  agglomerate,  that  of 
Coire  Choinnich  and  Coire  na  Seilg  and  that  of  Druim  an  Eidhne 
and  Loch  na  Creitheach,  mark  the  sites  of  concealed  volcanic 
vents  similar  to  that  of  Loch  Kilchrist  and  perhaps  not  inferior  in 
size.  This  appears  from  the  lenticular  forms  of  the  masses,  which 
reach  a  great  thickness  in  the  centre  and  rapidly  thin  away  in 
every  direction.  It  is  suggested  equally  by  the  large  size  of  many 
of  the  enclosed  blocks  and,  we  may  add,  by  the  occurrence  among 
the  other  fragments  of  pieces  of  plutonic  rocks,  often  in  great 
abundance.  There  are,  however,  in  Skye  fragmental  volcanic 
accumulations,  seemingly  remote  from  any  large  vent,  which  have 
a  more  decidedly  bedded  habit,  and  do  not  thin  away  so  rapidly. 
These  show  in  many  places  an  evident  stratification,  though  usually 
of  a  rude  kind.  They  do  not  enclose  such  large  blocks  as  are 
found  in  the  localities  already  noticed,  and  the  fragments  in  them 
do  not  present  the  same  variety,  gabbro  and  granite  in  particular 
being  absent. 

The  best  example  of  those  truly  bedded  tufis  and  agglomerates 
is  that  exposed  along  the  coast  between  Portree  and  the  Braes,  Sir 
A.  Geikie  estimates  its  maximum  thickness  at  about  200  feet  on 
the  south  side  of  Portree  Harbour,  but  it  is  usually  much  less.  It 
is  probably  continuous  at  the  same  horizon,  at  or  near  the  base  of 
the  whole  volcanic  series,  to  as  far  as  Eilean  Tioram  at  least,  four 
miles  S.S.E.  from  the  former  locality;  but  in  this  neighbourhood  it 
is  only  a  few  feet  thick.      The  section  at  Camas  Bto,  Portree 

*This  point,  Sgiirr  Alaisdair,  3275  feet,  is  not  named  on  the  Ordnance 
map  :  it  is  200  yards  N.E.  by  E.  from  the  summit  of  Sgbxr  Sgumain. 
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Harbour,  is  ehown  on  Fig.  6.  The  general  mass  of  the  rock  is  a 
basic  tnff  of  a  dall  dirty-green  colour  or,  in  the  upper  part,  red  and 
ferroginous,  probably  from  contemporaneous  weathering.  Tliis 
deeply  weathered  rock  recalls  in  its  general  appearance  some  of 
the  volcanic  clays  of  Antrim.  A.  specimen  from  Leac  Agamnha, 
examined  by  Mr  Player,  yielded  about  30  per  cent,  of  alumina. 
In  the  upper  part  of  the  Camas  Bin  section  conspicuous  enclosed 
fragments  are  scattered  only  sparingly,  but  lower  down  they  are 
more  numerous,  and  include  blocks  of  several  inches  diameter. 
Bedding  is  more  or  less  evident  in  the  finer  portion  of  the  accumu- 
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Fig.  6. — Cliff-Bection  at  Camas  Ban,  on  the  south  side  of  Portree  Harbour ; 
about  (to  or  70  feet  high.  This  shows  the  pTroclastic  deposit  covered  by 
an  intrusiTe  Bill  of  dolerite  and  invaded  by  two  others. 

lation ;  and  even  in  the  coarser,  which  may  be  termed  agglomerate, 
a  certain  stratification  is  apparent  in  the  distribution  of  the  enclosed 
blocks.  The  blocks  and  smaller  fragments  consist  almost,  if  not 
quite,  wholly  of  basaltic  rocks,  some  compact  but  many  scoriaceous, 
vesicular,  amygdaloidal,  or  pumiceous.  Only  one  specimen  was 
examined  microscopically.  "  The  slice  [6662]  shows  it  to  be  essen- 
"  tially  a  brown  glass  with  only  occasional  microscopic  crystals  of  a 
"  basic  plagioclase.  It  has  been  highly  vesicolar,  and  the  vesicles 
"  are  now  filled  by  various  secondary  products,  including  a  chloritic 
"  mineral,  nearly  colourless  and  singly  refracting  in  thin  section,  and 
*'  a  zeolite."*  At  one  locality  on  the  coast  of  Portree  Harbour  larger 
enclosed  blocks  occur,  and  Sir  A.  Geikie  places  here  the  vent  of 
eruption.      We  have  not  traced  the  deposit  in  the  northward 

•  ^luart.  Journ.  Otol.  3iK.,  vol.  lii.,  p.  348  :   1896. 
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direction.  Large  blocks  are  sometimes  found  in  places  where  the 
accumulation  is  of  small  thickness :  they  occur,  for  instance,  up  to 
a  foot  in  diameter  on  the  shore  at  Eilean  Tioram.  Here,  too,  are 
broken  seams  of  coal,  two  or  three  inches  thick,  in  the  agglomerate, 
a  feature  observed  at  some  other  localities. 

It  is  necessary  here  to  make  some  remark  on  the  occurrence  of 
gahhro  a-nd  granite  as  fragments  in  the  volcanic  agglomerates  of  the 
large  vents.  All  these  pyroclastic  accumulations  are  demonstrably 
much  older  than  any  gabbro  or  granite  intrusions  seen  in  Skye. 
The  conclusion  is  inevitable  that  there  exists,  or  has  existed,  in  this 
district  an  earlier  suite  of  plutonic  rocks^  both  gabbro  and  granite, 
which  liave  nowhere  been  brought  to  light  by  erosion.  Any  data  con- 
cerning these  concealed  plutonic  masses,  other  than  the  proofs  of 
their  existence,  are  naturally  scanty,  but  are  not  entirely  lacking. 
Firstly,  we  find  that  they  were  petrographically  the  prototypes  of 
the  later  plutonic  masses,  which  we  can  observe  directly  in  the 
same  district.  The  gabbros  are  not  distinguishable  from  those 
which  build  the  Cuillins ;  the  acid  rocks  are  hornblende-granites 
and  granophyres  identical  in  characters  with  those  forming  the 
Red  Hills,  and  having  similar  spherulitic,  felsitic,  and  porphyritic 
modifications  in  places.  Further,  fragments  of  these  rocks  are 
nowhere  found,  so  far  as  our  observations  go,  in  the  breccias  and 
agglomerates  occurring  outside  the  mountain  tract ;  which  suggests 
that  the  areal  distribution  of  the  earlier  concealed  plutonic  masses 
has  a  general  correspondence  with  that  of  the  later  and  exposed 
ones.  We  may  even  extend  this  remark  to  the  gabbro  and  the 
granite  severally,  for  each  is  found  in  the  agglomerates  only  in  the 
neighbourhood  of  visible  intrusions  of  its  own  kind:  gabbro 
fragments  are  never  found  in  the  eastern  Red  Hills,  nor  granite 
fragments  in  the  Cuillins ;  while  in  the  Coire  Choinnich  and  Belig 
patch,  on  the  border-line  between  the  Red  Hills  and  the  gabbro 
mountains,  both  rocks  are  represented.  Finally,  it  is  of  interest  to 
find  in  this  last-named  locality  many  fragments  of  gabbro  veined 
by  granite;  from  which  we  may  infer  that  in  the  earlier,  as  in  the 
later,  suite  of  plutonic  rocks  the  basic  rock  preceded  the  acid  one 
in  order  of  formation. 

Among  the  basaltic  rocks  which  occupy  the  extensive  tract  to 
the  west  and  north  of  the  Cuillins,  pyroclastic  accumulations  play 
but  a  very  insignificant  part.  In  the  area  mapped  there  are  indeed 
only  three  or  four  localities  that  require  notice.  One  of  these  is 
Sgtirr  an  Duine,  on  the  coast  between  Loch  Brittle  and  Loch 
Eynort,  where  a  small  patch  of  volcanic  agglomerate  is  seen.  Since 
it  forms  the  top  of  a  practically  vertical  cliflf  of  600  feet,  and  is 
covered  by  drift,  its  actual  relations  are  not  easily  made  out ;  but 
its  lateral  extension  is  not  more  than  about  200  yards,  and  its 
maximum  thickness  perhaps  60  or  80  feet,  its  form  being  apparently 
lenticular.  The  material  is  wholly  basaltic,  including  subangular 
blocks  up  to  a  foot  or  more  in  diameter.  Two  other  occurrences 
are  to  be  noted  between  Loch  Eynort  and  Talisker.      One  is  on 
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Beinn  Bhreac,  the  highest  point  in  this  part  of  the  plateau  country. 
The  summit  is  formed  by  a  patch  of  volcanic  agglomerate,  some 
300  yards  long,  composed  of  small  basalt  fragments,  with  some  up 
to  six  inches  diameter,  often  rounded,  in  an  iron-stained  matrix. 
The  other  locality  is  the  conspicuous  hill  named  Preshal  Beg,  about 
a  mile  and  a  half  south  of  Talisker.  This  hill  is  built  of  a  fine 
group  of  columnar  dolerite  sills,  to  be  noticed  in  a  later  chapter, 
and  immediately  under  these  occurs  a  bed  of  volcanic  agglomerate. 
Although  probably  not  more  than  25  feet  thick,  it  can  be  traced 
right  round  the  base  of  the  hill,  which  is  about  800  yards  long. 
The  best  exposures  are  on  the  north  side.  The  fragments  are  all 
of  basalt,  some  as  much  as  a  foot  in  diameter,  but  mostly  smaller. 
They  are  subangular  or  sometimes  well  rounded,  especially  in  the 
case  of  the  larger  blocks.  Although  this  agglomerate  seems  to 
have  more  of  the  form  of  a  continuous  bed  than  some  others,  it 
certainly  does  not  extend  far :  Preshal  More,  barely  a  mile  to  the 
north,  is  made  by  the  same  group  of  columnar  sills,  but  the 
agglomerate  below  has  disappeared.  In  all  these  pyroclastic 
accumulations  outside  the  mountain  tract  no  single  fragment  of 
gabbro  or  granite  has  been  found :  the  material  consists  wholly  of 
volcanic  rocks.  This  is  in  marked  contrast  with  the  agglomerates 
of  the  Cuillins  and  the  Bed  Hills,  and  also  with  the  deposits,  not 
purely  of  pyroclastic  origin,  which  we  proceed  to  discuss. 

The  last  fragmental  rocks  to  be  noticed  in  this  place  are  volcanic 
conglomerates,  and  these,  within  the  area  surveyed,  have  a  very 
restricted  occurrence.  A  good  place  to  study  them  is  about  two  or 
three  hundred  yards  north-east  of  Glen  Brittle  House,  where  they 
occur  interbedded  among  the  basaltic  lavas  a  short  distance  up  the 
two  small  bums  which  unite  near  the  sheep-fold.  A  small  clifi- 
section  shows  conglomerates  with  intercalated  beds  of  laminated 
fine  tuff,  lying  nearly  horizontally.  In  the  upper  part  the  pebbles, 
with  diameters  up  to  two  or  three  inches,  are  of  basaltic  lava, 
sometimes  amygdaloidal,  sandstone,  and  exceptionally  granite.  In 
the  lower  part  they  are  sometimes  more  than  six  inches  in  diameter, 
and  are  chiefly  of  fine-grained  grey  gabbro  and  grit.  All  the 
pebbles  have  a  thoroughly  rounded  shape,  and  are  undoubtedly 
waterwom.  They  are  thickly  set  in  a  greyish  fine-teictured  matrix, 
apparently  a  basic  tuff.  The  whole  group  has  no  great  thickness, 
and  cannot  be  followed  far  along  the  outcrop ;  being  obliquely  cut 
off  both  ways  by  the  gabbro,  which,  as  seen  in  AUt  Coire  na 
Banachdich,  near  the  foot-bridge,  has  greatly  metamorphosed  the 
conglomerate.  The  same  rocks,  however,  are  seen  in  Allt  a' 
Mhuillin,  the  next  bum  to  the  south,  with  a  thickness  of  over  100 
feet,  though  the  top  is  cut  off  by  the  gabbro.  They  reappear  half 
a  mile  farther,  again  on  the  border  of  the  gabbro,  the  pebbles  here 
being  almost  wholly  of  sandstone.  These  three  localities  are  in 
a  N.N.W.-S.S.E.  line,  the  last  and  highest  being  500  feet  above 
sea-level.  This  conglomerate  has  not  been  certainly  detected  else- 
where, except  as  a  small  patch  enclosed  in  the  gabbro  of  Coire 
Labain  a  mile  farther  east. 
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The  curiously  limited  distribution  of  this  conglomerate  and  the 
well-worn  form  of  the  pebbles  point  to  the  conclusion  that  we  have 
here  a  portion  of  an  old  river-channel  contemporaneous  with  the 
basaltic  lavas ;  and  this  is  in  accord  with  the  various  facts  which 
lead  us  to  assign  a  subaSrial  origin  to  the  whole  volcanic 
group.  It  is  also  to  be  remarked  that  in  the  Isle  of 
Canna,  only  13  miles  to  the  south-west,  Sir  A.  Geikie*  has 
found  clear  evidence  of  a  powerful  river  which  flowed  westward 
over  the  lava-plains  from  a  source  in  the  mountains  of  Inverness- 
shire.  The  Glen  Brittle  conglomerate  does  not,  like  those  of 
Canna,  contain  pebbles  of  rocks  foreign  to  the  island ;  but  its 
pebbles  are  largely  of  rocks  which,  it  is  almost  certain,  could  not  be 
exposed  to  erosion  in  the  neighbourhood  at  the  date  of  the  con- 
glomerate ;  viz.  the  Jurassic  and  possibly  Torridonian  sandstones, 
which  were  already  buried,  and  the  earlier  gabbro  and  granite, 
which  have  never  been  brought  to  light.  The  pebbles  then  must 
be  derived  at  second  hand,  though  almost  contemporaneously,  from 
a  volcanic  agglomerate  or  from  more  than  one  such  source ;  a  con- 
clusion arrived  at  also  by  Sir  A.  Geikie  for  the  local  pebbles  in  the 
Canna  conglomerates.  That  the  materials  reached  Glen  Brittle 
from  some  source  to  the  east  is  quite  in  accord  with  what  we  have 
already  seen  of  the  petrographical  characters  of  the  agglomerates. 
That  there  are  here  no  pebbles  from  still  farther  east  is  accounted 
for  by  the  stream  being  a  small  one,  possibly  a  tributary  of  the  river 
of  Canna. 

Another  equally  interesting  but  less  easily  accessible  occurrence 
is  seen  in  the  clifi"  a  little  south  of  Ddnan  Earr  an  Sgilirr,  between 
Loch  Brittle  and  Loch  Eynort.  Here  the  little  ravine  of  AUt 
Geodh'  a'  Ghamhna  shows  a  section  some  30  feet  in  height^vith  the 
following  succession,  in  descending  order : 

Basaltic  lavas,  with  sills,  above. 

Coal-seam,            ...         ...                    ...         ...  0 — 3  in. 

Pale  yellowish  grey  coarse  tuff,            1  ft. 

Coal-seam,            ...         ...         ...         ...         ...  0 — 3  in. 

Conglomerate  with  tuff  matrix, 6 — 7  ft. 

Dull  yellowish  grey  tuff  without  pebbles,  with 
impure  coal-seam  (6  to  8  inches)  in  lower 

uaiTu,   .1.         ...         ...         ...         ...         ...  o     f  \\i. 

Conglomerate  with  tuff  matrix, ...         ...         ...  5 — 6  ft. 

Tuff,  as  before,  without  pebbles,          ...         ...  2 J — 3  ft. 

Conglomerate  "with  tuff  matrix, ...  about  9  ft. 

Basaltic  lavas,  with  sills,  below. 

All  the  pebbles  are  well  rolled.  In  the  highest  band  of  conglo- 
merate they  are  closely  set,  and  range  up  to  4  or  6  inches  in 
diameter,  consisting  in  about  equal  proportions  of  granite  (with 
felsite)  and  a  reddish  quartzose  grit  (?  Torridonian).  In  the  two 
lower  bands  of  conglomerate  the  pebbles  range  up  to  10  or  12 
inches  in  diameter,  and  are  almost  all  of  the  grit.  Here  there  is  a 
rather  larger  proportion  of  matrix,  and  the  conglomerate  passes 
rather  irregularly  into  the  tuff  devoid  of  pebbles. 

*^tiarf.  tTbnm.  QtoX,  Soc.y  vol.  lii.,  pp.  364-373 :  1896.  Similar  ffuviatile 
conglomerates  occur  at  Fionn-chro  in  Kum  and  on  the  coast  W.  of  Caiisaig  in 
MuU. 
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One  other  locality  may  be  mentioned  where  conglomerates  occur 
among  the  lavas.  This  is  in  the  neighbourhood  of  Loch  Giiil  na 
Oreig,  a  little  west  of  Creag  StroUamus  and  about  1^  mile  north 
of  Beinn  na  Gaillich.  The  conglomerates  occur  at  two  horizons, 
but  both  very  near  the  base  of  the  group,  which  here  rests  on 
Torridon  Sandstone.  There  seems  to  be  no  diflSculty  in  supposing 
that  the  sandstone  pebbles,  which  form  the  most  conspicuous 
element  of  the  deposit,  were  in  this  case  derived  from  the  near 
vicinity.  They  range  up  to  as  much  as  a  foot  in  diameter.  It  is 
very  interesting  to  find  that  in  this  locality,  situated  to  the  east  of 
the  central  mountains,  the  conglomerates  contain  no  fragments  of 
gabbro,  while  they  do  contain  abundantly  in  places  fragments  of 
granite  and  other  acid  rocks,  some  porphyritic,  similar  to  those  of 
later  date  in  the  immediate  vicinity.  These  are  found,  together 
with  abundant  basalt,  in  the  conglomerate  of  the  higher  horizon, 
exposed  in  and  near  AUt  an  Doire.  The  lower  conglomerate,  seen 
near  the  tarn,  is  wholly  of  Torridon  sandstone  pebbles  with  very 
little  matrix. 

The  various  pyroclastic  accumulations  in  the  vicinity  of  the  large 
plutonic  intrusions  exhibit  very  marked  effects  of  thermal  meia- 
morphism,  and  this  is  notably  the  case  where  patches  of  these  rocks 
are  completely  enveloped  in  the  gabbro  of  the  Cuillins  or  the  granite 
of  the  Red  Hills.  A  summary  account  of  these  metamorphic 
phenomena  will  suffice  in  this  place. 

The  fine-textured  basic  tufis  and  the  matrix  of  the  volcanic  agglo- 
merates show  in  the  more  altered  examples  a  partial  recrystallisa- 
tion.  Perhaps  the  most  characterictic  change,  however,  is  the  pro- 
duction of  minute  flakes  of  brown  mica,  and  this  is  often  found 
in  an  early  stage  of  the  metamorphism.*  A  slice  [7463] 
may  show  little  angular  red-brown  patches,  which  are  chips 
of  lava,  and  owe  their  colour  to  a  dense  aggregate  of  minute 
biotite-flakes  of  metamorphic  origin.  Where  fragments  of  felspar- 
crystals  are  enclosed  in  the  tuff,  they  often  have  a  very  limpid  ap- 
pearance, as  if  cleared  by  the  heat  from  their  minute  inclusions. 
The  inclusions  which  they  do  contain  are  of  relatively  large  size 
and  of  rounded  shape. 

The  metamorphism  of  the  distinct  rock-fragments  in  the  agglo- 
merates needs  no  description  in  this  place,  since  the  alterations 
produced  in  the  several  rocks  will  be  described  in  succeeding 
chapters.  The  pieces  of  basalt,  for  instance,  show  the  same  meta- 
morphic changes  that  will  be  detailed  below  under  the  head  of  the 
basaltic  lavas,  including  the  conversion  of  zeolites  to  felspars  in  the 
amygdules  and  the  frequent  production  of  hornblende.  The  gabbro- 
fragments  exhibit  uralitisation  of  the  augite  and  other  familiar 
effects.  Fragments  of  Liassic  grits,  when  highly  metamoi*phosed, 
are  converted  into  quartzites  with  various  accessory  minerals,  such 

*The  phenomena  are  generally  comparable  with  those  described  in  andesitic 
and  basaltic  tufib  of  Lower  Palsaozoic  age  near  the  Shap  granite  in  Westmor- 
land. See  Harker  and  Marr,  Quart.  Jown.  Geol.  Soc.y  vol.  xlvii.,  pp.  299, 
300  :  1891 ;  and  vol.  xlix.,  p.  361,  PI.  xvii.,  Fig.  5  :  1893. 
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as  biotite,  zoisite,  and  perhaps  sillimanite.  These  and  some  other 
phenomena  may  be  well  studied  in  the  metamorphosed  volcanic 
conglomerate  seen  in  Allt  Coire  Banachdich,  about  300  yards  above 
the  Glen  Brittle  road  and  just  below  a  small  foot-bridge. 

In  consequence  of  mechanical  disturbances  of  a  later  date  the 
volcanic  agglomerates  seem  in  some  places  to  have  suffered  a 
considerable  degree  of  crushing  and  brecdation;  but,  from  the 
nature  of  these  accumulations,  it  is  not  often  possible  to  obtain 
very  satisfactory  evidence.  It  is  very  clear  in  a  few  places,  where 
considerable  strips  of  basalt  and  other  rocks  occur  enclosed  in  the 
agglomerate.  A  good  instance  is  seen  in  the  upper  part  of  the 
Allt  Leth-pheiginne  glen,  to  the  north  of  Kilbride.  Here  an 
enclosed  strip  of  the  basaltic  lavas,  70  or  80  yards  wide  and  more 
than  200  yards  in  length,  is  brecciated  throughout.  Immediately 
to  the  south  is  a  similar  strip  of  felsite  or  fine  granophyre,  also 
brecciated  and  crushed.  Other  instances  might  be  cited,  but  there 
is  always  some  doubt  as  to  how  far  the  shattering  of  these 
enclosed  patches  may  be  referable  to  the  epoch  of  the  agglomerate 
itself. 
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CHAPTER  m. 
Basic  Lavas:   General  Petrography. 

We  have  now  to  consider  more  particularly  the  basic  lavas, 
which  are  incomparably  the  most  important  products  of  the 
volcanic  phase  of  activity,  and  in  many  respects  constitute  the 
most  important  group  in  the  whole  suite  of  Tertiary  igneous  rocks 
in  our  area.  Their  field-relations  and  their  place  in  the  succession 
have  been  sufficiently  discussed.  We  have  seen  that  in  order  of 
time  they  immediately  follow  the  principal  volcanic  agglomerates 
and  tuffs,  and  that  probably  with  little  or  no  interval,  for  in 
places  fragmental  accumulations  are  intercahted  in  the  lower  part 
of  the  lava  group.  These,  however,  at  least  outside  the  mountain 
tract,  are  of  small  extent  and  importance,  and  the  most  striking 
feature  of  the  group  is  the  great  succession  of  basic  lavas,  broken, 
as  a  rule,  only  by  innumerable  intrusive  sills  of  later  date.  The 
lavas  rest  then  on  the  bedded  volcanic  agglomerates  and  tuSa 
where  these  occur;  but  in  most  places  where  the  base  is  seen  it 
reposes  directly  upon  the  old  pre-Tertiary  land-sur&ce.  We 
proceed  to  describe  the  essential  petrographical  characters  of  the 
basic  lavas,  reserving  for  the  following  chapter  an  account  of  the 
subsequent  changes  which  they  have  undergone  under  the  opera- 
tion of  various  agencies. 

We  have  to  remark  at  the  outset  that  the  published  descrip- 
tions of  these  basaltic  lavas  in  Skye,  and  presumably  in  other 
parts  of  the  British  Tertiary  province,  require  to  be  read  with 
some  discrimination,  owing  to  the  fact  that  the  great  prevalence  of 
sill-formed  intrusions  in  the  lava  group  has  not  hitherto  been 
sufficiently  recognised.  It  is  highly  probable  that  for  this  reason 
the  dolerite  sills,  of  later  date,  have  sometimes  been  treated  as 
constituent  parts  of  the  succession  of  lavas.  These  sills,  as  we 
shall  show  hereafter,  not  only  make  up  a  large  part  of  the  total 
thickness,  but  form  all  the  salient  features  of  the  plateau  country 
(see  Fig.  79,  below).  Except  where  good  sections  are  exposed  in 
some  of  the  streams,  it  is  possible  to  walk  many  miles  over  the 
peat-clad  moors  without  seeing  anything  of  the  lavas,  and  a 
collection  of  specimens  made  in  such  a  traverse  might  include 
only  sill-rocks.  In  a  better  selected  locality  a  considerable  pro- 
portion of  the  intrusive  rocks  would  still  be  collected  with  the 
extrusive. 

The  lavas  are  constantly  of  fine  texture,  and  in  most  places, 
though  not  everywhere,  amygdaloidal.  The  sills,  on  the  other 
hand,    usually  show  a  more  evidently  crystalline  .  texture,    and 
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rarely  exhibit  any  conspicuous  amygdaloidal  character.  The 
ophitic  structure  is  much  more  commonly  met  with  in  the  latter 
rocks  than  in  the  former,  though  it  does  not  afford  a  conclusive 
test.  Professor  Judd  has  stated*  that  "ophitic  varieties  .  .  .  . 
abound  in,  though  they  are  not  confined  to,  intrusive  rocks ; 
while  rocks  of  granulitic  structure  ....  are  especially  abundant 
among  the  lavas."  In  a  later  memoirf  he  speaks  of  the  ophitic 
structure  as  one  "characteristically  exhibited  by  the  basaltic 
lavas  of  Western  Scotland."  The  former  quotation  expresses 
what  is  also  the  result  of  our  own  observations.  The  ophitic 
structure  is  certainly  found  in  many  of  the  lavas,  but  it  is  not 
characteristic  of  them  as  a  group. 

As  seen  in  the  field  or  in  hand-specimens,  only  a  small  proportion 
of  the  lavas  show  conspicuous  porphyritic  crystals.  The  greater 
part  of  the  rocks  are  amygdaloidal,  the  vesicular  cavities,  now 
occupied  by  zeolites,  chlorites,  calcite,  quartz,  etc.,  being  usually 
from  J  to  J  inch  long,  though  smaller  ones  are  also  found,  and 
exceptionally  some  as  much  as  two  or  three  inches  long.  The 
smaller  are  often  nearly  spherical;  the  larger  are  ovoid.  The 
contents  of  these  amygdules  will  be  considered  below.  The 
largest  ones  often  have  a  vacant  space  in  the  interior,  into  which 
some  of  the  secondary  minerals  project  with  good  crystal-faces ; 
but  the  vesicles  of  moderate  and  small  size  are  rarely  or  never 
empty  except  from  the  destruction  of  their  contents  by  weather- 
ing. The  general  mass  of  the  rock  is  never  of  coarse  texture. 
The  freshest  examples  show  a  finely  crystalline  appearance  and  a 
nearly  black  colour ;  the  more  altered  rocks  are  of  dull  aspect, 
with  a  dark-grey  or  greenish-grey  tint,  and  more  advanced 
decay  may  obscure  the  character  of  the  rock  further  by  a  develop- 
ment of  chloritic  and  ferruginous  matter.  The  more  amygdaloidal 
varieties  are  usually  the  more  decomposed.  Olivine,  even  when 
present  in  some  abundance,  is  rarely  to  be  detected  by  eye :  in 
this  respect  the  rocks  differ  from  many  European  basalts  and 
also  from  many  of  the  basaltic  dykes  of  Skye. 

Although,  as  we  have  intimated,  the  lava  series  includes  rocks 
with  a  considerable  range  of  composition,  from  thoroughly  basic 
types,  often  rich  in  olivine,  to  andesites,  sometimes  of  highly 
felspathic  nature,  we  have  found  it  impossible  to  distinguish  the 
several  types  systematically  in  the  field  and  so  to  subdivide  the 
group  on  the  map.  It  had  been  hoped  that  the  diflSculty  might 
be  mastered  by  making  use  of  the  specific  gravity  of  the  rocks, 
which,  with  Walker's  balance,  can  be  estimated  without  great 
labour.  In  practice  this  has  not  been  found  to  afford  a  sufficient 
criterion,  although  it  enables  us  to  separate  the  most  basic  types 
on  the  one  hand  and  some  of  the  least  basic  on  the  other.  The 
amygdaloidal  varieties,  which  prevail  almost  everywhere,  must  in 
all  cases  be  rejected.  Even  in  compact  non-amygdaloidal  rocks 
the  same  secondary  changes  which  are  partly  answerable  for 
the   monotonous   uniformity   of   appearance   have   often   altered 

*  Quart.  Joxim.  Oeol.  Soc ,  vol.  xlii.,  p.  75 :  1886, 
t  Quart.  Joum,  Oeol.  Soc,,  vol.  xlv.,  195  :  1889. 
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the  density  very  sensibly,  and  in  a  manner  for  which  we  cannot 
make  allowance.  It  may  be  remarked,  however,  that  of  lavas 
without  conspicuous  amygdules  and  not  greatly  decomposed  the 
majority  have  specific  gravities  between  2'80  and  3*00,  with  an 
average  of  about  2*90.  Ten  specimens  out  of  seventy  gave  figures 
above  3*00,  the  highest  being  3*11.  Those  which  fell  below 
2*80  include  no  doubt  most  of  what  might  fairly  be  named  augite- 
andesites,  which  are  apparently  not  very  numerous ;  but  they 
certainly  include  also  some  truly  basic  lavas  of  which  the  density 
has  been  reduced  by  partial  decay. 

There  are  no  earlier  published  chemical  analyses  of  the  basic 
lavas  of  Skye,  and  this  seems  to  be  true  also  of  the  whole  British 
Tertiary  "  province."  Streng's  ♦  analysed  rocks  from  FingaFs  Cave 
in  Staffik  and  the  Giant's  Causeway  in  Antrim  may  perhaps  be 
lavas,  but  are  more  probably  sills.  An  average  example  of  the 
Skye  basaltic  lavas  was  selected  for  analysis,  and  Dr  Pollard 
obtained  the  result  given  below.     The  rock  was  fresh,  and  contained 


SiO,  - 

TiO.  - 

AI2O3  - 

Cr,03  -         - 

Fe  O3  -        - 
FeO 

NiO  and  CoO  - 

MnO  - 

MgO  - 
OaO 

Na^O  - 

K,0  . 

CO, 
P2O5 


above  105^   - 
at  105^ 


Specific  gravity 


46-61 
1-81 

15-22 
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3-49 
7-71 

trace. 
0-13 
8-66 

10-08 
2-43 
0-67 
207 
110 

trace. 
0-10 

100-08 

2-87 


Olivine-Basalt  lava  [8185],  near  bridge  over  AUt  Fionnfhuachd, 
Drynoch :  anal.  W.  Follard,  Sn/mmary  of  Progress  OeoL  Sur. 
for  1899,  p.  174.  The  rock  contains  only  a  few  small 
amygdules,  which  are  included  in  the  material  analysed.  It 
consists  of  olivine-grains  with  only  incipient  serpentinisa- 
tion,  magnetite  either  in  imperfect  octahedra  or  enwrapping 
the  felspar,  labradorite  in  crystals  of  tabular  habit  parallel 
to  the  brachypinacoid,  with  albite-lamellation,  and  granules 
of  augite,  veiy  pale  in  a  slice,  with  occasionally  a  little 
chloritic  alteration.     (See  Plate  XVII.,  Fig.  3,  A.) 


*Po^.  Ann,^  vol.  xc,  p.  114  :  1863. 
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only  infrequent  amygdules,  and  those  of  small  size.  The  analysis 
shows  it  to  be  a  thoroughly  basic  rock,  rich  in  iron,  magnesia,  and 
lime.  As  compared  with  other  basalts  of  like  silica-percentage, 
however,  there  is  perhaps  a  slight  deficiency  of  magnesia.  Probably 
analyses  of  some  of  the  other  basaltic  lavas  of  our  area  would  show 
a  more  marked  deficiency  in  magnesia  with  a  correspondingly  high 
figure  for  the  iron-oxides ;  for  in  some  examples  which  must  be  of 
thoroughly  basic  composition  olivine  is  wanting,  and  magnetite 
unusually  abundant.  A  noticeable  point  in  the  analysis  given  is 
the  rather  high  content  of  titanic  acid. 

Sir  J.  Norman  Lockyer  has  made  a  spectroscopic  examination 
of  this  and  several  others  of  the  basic  igneous  rocks  of  Skye,  taking 
photographs  of  the  arc-spectra  between  silver  poles ;  and  he  has 
very  kindly  placed  these  photographs  at  our  disposal,  after  iden- 
tifying a  number  of  the  lines  shown.  They  reveal  the  presence  of 
some  elements  not  usually  estimated  in  chemical  analyses.  In 
addition  to  the  commoner  constituents,  the  spectrum  of  this  lava 
shows  strong  chromium  lines  and  distinct  lines  of  titanium  and 
vanadium,  while  strontium  is  more  faintly  indicated. 

The  percentage  mineral  composition  of  the  rock  cannot  be 
calculated  without  further  knowledge  of  the  composition  of  the 
several  minerals,  and  in  particular  of  the  augite.  If  this  were 
assumed  to  be  a  diopside,  we  should  have  about  54  per  cent,  of 
labradorite,  29  of  augite,  9  of  olivine,  and  8  of  iron-ores  (largely 
titano-magnetite).  Since  the  augite  is  probably  an  aluminous  one, 
the  proportion  of  that  mineral  must  be  greater  than  that  thus 
found  and  the  proportion  of  felspar  less.  Apatite  amounts  to  about 
0*2  per  cent,  of  the  rock. 

The  minerals  just  enumerated  are  the  constituent  minerals  of 
this  group  of  rocks  in  general,  with  the  reservation,  however,  that 
olivine  is  often  wanting.  In  a  few  cases  we  find  a  rhombic 
pyroxene  in  addition  to  the  monoclinic.  Further  there  are  the 
secondary  minerals,  of  which  a  long  list  might  be  made  out.  We 
proceed  to  notice  briefly  the  several  primary  constituents. 

The  felspar  of  the  true  basalts  appears  to  be  in  all  cases  some 
variety  of  labradorite^  though  with  a  certain  range  of  composition 
in  different  rocks.  It  builds  crystals  of  tabular  habit  parallel  to 
the  brachypinacoid,  giving  the  usual  elongated  rectangular  sections, 
commonly  from  y^  to  -^  inch  in  length,  but  in  some  fine-textured 
rocks  as  small  as  ^  inch.  The  narrowest  crystals  are  often 
simple,  but  others  are  twinned  on  the  albite  law,  once  or  with 
repetition  according  to  the  width  of  the  crystals.  Sometimes  one 
individual  of  a  twin  projects  slightly  beyond  its  neighbour, 
imparting  something  of  a  stepped  appearance  to  the  termination  of 
the  crystal  as  seen  in  section.  The  only  inclusions  found  are 
minute  glass-cavities  and  occasionally  a  ne^e  of  apatite  or  granule 
of  magnetite. 

When  porphyritic  crystals  of  larger  size  occur,  these,  too,  are  of 
labradorite.  They  have  usually  the  same  tabular  habit,  but  with  a 
length  of  i  to  i  inch,  and  they  are  twinned  on  the  carlsbad  as  well 
as  the  albite  law.     The  principal  inclusions  are  glass-  and  stone- 


Petrography  of  Basic  Lavas,  33 

cavities  and  small  scraps  of  angite  or  granules  of  magnetite.  Some 
basalts  in  the  Talisker  district  contain  porphyritic  felspars  with 
a  very  unusual  crystallographic  habit,  giving  a  rhomb-shaped 
outline. 

The  augite  occurs  either  in  granules  packed  into  the  interspaces 
between  the  felspars  or  in  little  sub-ophitic  patches  partially 
enwrapping  the  felspar  crystals ;  only  exceptionally  in  the  form  of 
ophitic  plates  of  any  extent.  It  is  a  brown,  as  distinguished  from 
a  green  augite,  but  becomes  very  pale  or  almost  colourless  in  thin 
slices.  Twinning  has  not  been  observed.  Though  we  have  no 
direct  information  concerning  the  composition  of  the  mineral,  it  is 
doubtless,  as  usual  in  such  rocks,  an  aluminous  variety.  This  may 
be  inferred  from  the  fact  that  the  common  decomposition-product 
is  a  mineral  of  the  chlorite  group.  It  occurs  as  definite  pseudo- 
morphs  after  augite,  as  well  as  in  the  form  of  a  lining  to 
amygdaloidal  cavities  and  as  veinlets  traversing  the  felspar,  etc. 
It  takes  the  form  of  an  aggregate  of  little  scales,  usually  without 
any  definite  arrangement  in  the  case  of  pseudomorphs.  It  has  a 
green  colour,  though  varying  in  depth  of  tint  in  difierent  cases,  and 
is  strongly  pleochroic.  "miere,  however,  the  scales  are  of  very 
minute  size,  so  that  they  overlap  one  another  in  the  thickness  of 
the  slice,  the  characteristic  optical  properties  are  lost,  and  such  an 
aggregate  is  quite  dark  between  crossed  nicols. 

A  few  of  the  rocks  [e,g,  8697,  from  AUt  Coire  Labain,  etc.] 
contain  scattered  porphyntic  crystals  of  augite,  usually  of  imperfect 
form  and  apparently  corroded.  These  contain  relatively  large 
glass-inclusions,  as  was  remarked  by  Zirkel.* 

One  type  of  basalt  is  characterised  by  hypersthene,  in  addition  to 
the  monoclinic  pyroxene.  This  mineral  has  not  been  found  in  the 
fresh  state,  but  is  represented  by  the  unmistakable  pseudomorphs 
of  green  pleochroic  bastite.  These  are  idiomorphic,  though  not 
very  perfectly  shaped,  and  they  show  the  usual  delicate  fibrous 
structure  parallel  to  the  vertical  axis. 

The  olivine  of  the  basaltic  lavas  may  build  well-shaped  crystals, 
but  more  usually  they  are  imperfect  and  often  rounded  or  corroded 
to  the  form  of  shapeless  grains.  The  grains  have  usually  diameters 
of  ^  to  -j^j^  inch,  rarely  as  much  as  -j^.  This  small  size  and  the 
frequent  secondary  alteration  of  the  mineral  are  the  reasons  why 
olivine  is  rarely  to  be  identified  clearly  upon  a  hand-specimen.  In 
some  rocks  it  is  fresh  or  only  slightly  serpentinised,  but  in  many 
others  it  is  more  or  less  completely  pseudomorphed.  The  replacing 
substances  often  observed  in  various  slides  are  pale  green  serpen- 
tine,  dark  brown  or  red  iron-oxide,  and  some  mineral  of  the  rhom- 
bohedral  carbonate  group  (magnesite,  dolomite,  or  calcite,  not 
discriminated).  Two  or  all  of  these  substances  usually  occur 
together.  The  iron-oxide,  which  seems  to  be  amorphous  heematite 
in  various  stages  of  conversion  to  limonite,  forms  always  the 
marginal  zone  of  such  a  composite  pseudomorph,  the  interior 
occupied  by  a  serpentine  or  a  carbonate,  or  both  (see  Fig.  7).     In 

*  Unten.  iiber  die  imkrosk.  ZuMmmensetzung  und  Stnictur  der  Basaltgesteine^ 
p.  13 :  1870. 
C 


34  Petrography  of  Basic  Lavat. 

some  examples  again  the  pseudomorphB  are  composed  mainly  of 
some  andetermined  mineral  of  which  several  varieties  have  been 
noticed,  sometimes  with  the  general  appearance  of  a  mica  and 
recalling  in  some  respects  the  iddingsife  of  Lawson.*  Here  again 
there  is  a  copious  separation  of  red  iron-ozide,  which  forma  a  dense 
marginal  crust,  and  occupies  little  veins  running  into  the  interior 
(Plate  XVII.,  Fig.  I).  The  substance  which  forms  the  bulk  of 
these  pseucJomorpha,  though  often  with  patches  of  serpentine 
enclosed,  is  usually  of  a  very  pale  tint  or  almost  colourleaa  in  a  thin 
slice,  and  gives  about  the  same  int«rference-colours  as  augite.  ^  It 
has  a  strong  cleavage,  parallel  to  the  brachypinacoid  of  the  olivine, 
and  extinguishes  straight,  or  very  nearly  straight,  with  reference  to 
this,  the  least  axis  of  the  ellipsoid  of  elasticity  being  that  perpen- 


iO.  Olivine- Basalt  lava,  in  Allt  Doarg  M6r,  about  S  miles 
S.W,  of  Sligaclian  :  showing  paeudomorphe  nfter  olivine,  composed  of 
carbonates  with  a  border  of  iron-oiide. 

dicular  to  the  cleavage.  Another  variety  of  pseudomorph  of  this 
class  shows  a  more  perfect  and  regular  cleavage,  like  that  of  a  mica, 
which  it  also  resembles  in  its  interference-colours  (PIat«  XVII., 
Fig.  2).  Here  the  extinction  is  decidedly  oblique,  sometimes  to 
the  extent  of  10°  or  12".  The  greatest  axis  of  the  ellipsoid  of 
elasticity  is  the  one  most  nearly  perpendicular  to  the  cleavage,  and 
vibrations  in  this  direction  give  a  pale  reddish  yellow  colour,  those 
perpendicular  to  it  a  pale  green.  The  first  stage  in  the  alteration 
of  the  olivine  in  almost  all  our  basalts  is  the  separation  of  iron- 
oxide,  and  the  mineral  ia  presumably  of  a  variety  somewhat  rich  in 
iron.  At  a  late  stage  both  serpentinous  pseudomorphs  and  those 
*Bu«.  V^t.  Oeol.  Univ.  Calif.,  vol.  i.,  pp.  31,  etc.,  :  1893. 
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of  the  class  which  we  have  likened  to  iddingsite  sometimes  absorb 
part  of  the  iron-oxide  again,  becoming  of  a  deep  green  colour  with 
strong  pleochroism.  We  find  also  pseudomorphs  with  a  deep 
red-brown  colour,  which  probably  belong  to  what  Professor  Heddle* 
has  named  ferrite. 

Almost  all  the  rocks  contain,  though  in  varying  amount,  an 
opaque  black  mineral  of  the  iron-ore  group.  This  is  usually  in 
distinct  crystals,  sharply  bounded  or  with  rounded  edges  and  angles, 
and  with  a  diameter  of  O'OOl  to  0002  inch.  Sometimes,  and 
especially  in  the  less  fine-textured  basalts,  the  iron-ore  occurs  in 
shapeless  patches,  tending  to  enwrap  the  felspar  crystals,  and  here 
the  diameter  may  be  as  much  as  O'Ol  inch.  We  have  not  made 
any  direct  chemical  examination  of  these  minute  crystals  and 
grains,  and  their  true  nature  remains  in  some  doubt.  Wherever 
any  crystallographic  outline  is  shown,  as  is  usually  the  case,  the 
shape  is  always  the  familiar  octahedral  one  of  magnetite:  no  form 
suggestive  of  ilmenite  has  been  observed.  On  the  other  hand, 
the  rock  analysed  yielded  1*81  per  cent,  of  titanic  acid,  and 
appears  to  be  a  typical  example,  though  much  of  its  iron-ore  is  in 
rather  shapeless  granules.  If  we  admit  the  octahedral  mineral 
titanomagnetite  (Fe2Ti04),  isomorphous  with  magnetite  (Fe2Fe04),  as 
the  rhombohedral  ilmenite  (FeTiOs)  is  isomorphous  with  haematite 
(FeFeOs),  we  may  conjecturally  represent  the  iron-ore  in  this  rock 
as  an  isomorphous  mixture  in  nearly  equal  proportions  of  titano- 
magnetite and  magnetite.  The  trace  of  chromic  oxide  found  in  the 
analysis  must  also  be  reckoned  to  the  iron-ore:  the  manganese, 
nickel,  and  cobalt  belong  presumably  to  the  ferro-magnesian 
silicates. 

Minute  slender  needles  of  apatite  were  observed  in  some  of  the 
slides,  and  this  mineral  is  probably  generally  distributed,  though 
not  always  easily  detected. 

There  remain  only  secondary  minerals  due  to  alteration  of 
the  primary  constituents.  Those  most  usual  in  the  general  mass 
of  the  rocks — as  distinguished  from  the  amygdules — are  chlorite, 
serpentine,  calcite,  and  red  iron-oxide.  This  last  is  quite  abundant 
in  some  of  the  more  decomposed  lavas,  being  derived  from  the 
destruction  of  olivine  and  perhaps  of  augite,  as  well  as  by  oxidation 
of  magnetite.  It  is  commonly  amorphous,  but  the  minute  flakes  of 
haematite  which  Zirkelt  notes  as  abundant  in  certain  basalts  of  this 
region  are  perhaps  also  of  secondary  origin. 

The  partial  decomposition  which  has  aflected  so  large  a  propor- 
tion of  these  basic  lavas  somewhat  obscures  the  question  of  the 
occurrence  in  them  of  some  residual  glassy  base.  It  may  safely  be 
stated  that  the  majority  of  the  rocks  have  been  holocrystalline,  and 
that  very  few  of  the  more  typical  basalts  can  have  contained  more 
than  a  small  amount  of  vitreous  matter.  There  are,  however, 
among  the  finer-textured  microlitic  rocks,  especially  those  whose 
affinities  seem  to  be  rather  with  the  pyroxene-andesites  than  with 

♦  Afm.  Mwg,,  vol.  v.,  p.  29 :   1882. 

t  Unters,  iiber  die  mikrosk,  Zusammenaetzung  und  Structur  der  Basaltgest^ine^ 
p.  71 :  1870. 
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the  basalts  proper,  some  showing  an  interstitial  base  which  may  have 
been  glassy  or  partly  glassy.  It  is  to  be  presumed  that  the  several 
lava-flows,  as  poured  forth,  formed  each  at  its  tipper  surface  a  scori- 
aceous  crust,  probably  rich  in  glassy  matter,  but  we-have  not  found 
any  case  in  which  such  crust  is  preserved  in  a  recognisable  condi- 
tion. This  we  may  probably  attribute  to  the  suba6rial  origin  of  the 
lavas,  each  flow,  as  soon  as  formed,  becoming  at  once  subject  to 
atmospheric  degradation,  and  the  scoriaceous  crust  of  a  basalt  being 
exceptionally  easily  destroyed. 

The  sequence  of  crystallisation  of  the  several  primary  minerals, 
excepting  only  the  iron-ores,  is  always  the  same ;  viz.  apatite, 
olivine  or  hypersthene  (these  two  not  being  found  together),  felspar, 
augite.  The  iron-ore  is  sometimes,  and  perhaps  most  commonly, 
idiomorphic  towards  the  felspar,  sometimes  moulded  upon  it.  This 
may  perhaps  be  connected  with  the  varying  composition  of  the 
iron-ore  (whether  more  or  less  titaniferous) ;  but  it  is  also  possible 
that  the  iron-ore  always  began  to  separate  out  before  the  felspar, 
and  in  some  cases  continued  to  crystallise  after  it.  We  have  found 
no  evidence  of  two  distinct  generations  of  the  iron-ore.  It  seems 
to  be  in  general  later  than  the  olivine,  and  is  always  earlier  than 
the  augite. 

The  rocks  show  difierences  of  mtcro^structure  which  are  to  be 
correlated  partly  with  the  preponderance  of  one  or  other  of  the  two 
chief  constituent  minerals,  felspar  and  augite,  partly  with  the 
circumstances  in  which  the  consolidation  took  place.  The  most 
evident  distinction  is  that  between  the  ^^granuUtic"  and  the  ophitic 
varieties.  Both  types  of  structure  are  found  in  rocks  of  various 
degrees  of  fineness  of  texture,  and  also  in  connection  with  different 
relative  proportions  (within  certain  limits)  of  the  constituent 
minerals.  The  difference  must  therefore  be  dependent  upon  the 
circumstances  attending  consolidation,  and  in  particular,  as  Professor 
Judd*  has  urged,  upon  the  stage  at  which  differential  movement 
within  the  rock  ceased.  If  the  lava-flow  had  come  to  rest  prior  to 
the  crystallisation  of  the  augite,  that  mineral  was  able  to  build 
spreading  plates,  moulded  upon  the  earliei>formed  felspar  crystals: 
if  on  the  other  hand  movement  continued  to  a  late  stage,  such 
ophitic  plates  could  not  be  formed,  or  were  immediately  broken  up. 
and  the  augite  consequently  occurs  in  granules.  So  far  as  our 
observations  go,  the  **  granulitic "  type  of  structure  (PI.  XVII., 
Fig.  3,  A)  is  the  more  common  among  these  rocks,  and  especially 
in  the  amygdaloidal  varieties ;  but  the  ophitic  type  (PI.  XVil., 
Fig.  3,  B)  is  certainly  more  common  than  experience  of  other 
basaltic  lavas  would  lead  us  to  expect.  We  incline  to  attribute 
this  to  the  subaSrial  eruption  of  the  Skye  lavas  and  the  small  size 
of  the  individual  flows.  Among  those  examples  which  we  here 
group  under  the  ophitic  type,  only  a  minority  show  the  structure 
in  its  most  typical  development:  many  are  better  described  as 
sub-ophitic,  the  augite  tending  to  enwrap  the  felspar  crystals  but 

*  Quart,  Joum,  Oeol.  8oc,y  vol.  xlii.,  p.  76  :  1886.  We  follow  Prof.  Judd 
in  using  the  term  '^gninulitic,"  although  it  is  open  to  objection,  not  being 
the  structure  met  with  in  the  rocks  named  granulites. 
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not  wholly  enclosing  them.  In  the  rare  case  where  the  angite 
freely  encloses  the  little  felspars  [2705],  the  rock  resembles  pretty 
closely  a  fine-textured  micro-ophitic  type  met  with  in  some  of  the 
sills  [cf.  9249], 

In  varieties  rich  in  augite  the  micro-structure  sometimes  becomes 
modified  in  other  ways.  One  curious  type  has  the  augite  partly  in 
a  rather  finely  granular  form,  but  largely  in  irregular  shafts  or 
blades  roughly  radiating  from  certain  centres,  giving  a  kind  of 
ocellar  structure.  (Plate  XVII.,  Fig.  3,  0).  Varieties  rich  in 
felspar  and  of  fine  texture  assume  a  different  character.  In  the  fine- 
textured  rocks  the  felspar  generally  takes  the  form  of  slender 
microlites  (Plate  XVII.,  Fig.  3,  D),  and  both  the  granulitic  and  the 
ophitic  type  of  structure  are  met  with  among  such  rocks ;  but  when 
there  is  a  marked  preponderance  of  felspar  over  augite,  the  micro- 
lites tend  to  pack  together  and  assume  a  rude  parallelism,  and  the 
rock  thus  acquires  a  more  special  character.  This  seems  to  be 
found  rather  among  the  rocks  of  andesitic  affinities  than  among  the 
typical  basalts,  and  with  it  there  may  be  a  certain  amount  of 
interstitial  base. 

There  remain  the  conspicuously  porphyritic  basalts,  which,  though 
not  the  prevalent  type,  are  well  represented  in  some  parts  of  the 
area.  The  best  examples  which  we  have  examined  come  from  the 
inaccessible  cliffs  of  Talisker.  Numerous  fallen  blocks  of  the  lavas 
(besides  others  of  the  sill-rocks)  are  strewn  along  the  beach,  and 
are  well  known  to  mineralogists  for  the  beautiful  crystals  of  various 
zeolitic  minerals  which  are  contained  in  their  drusy  cavities. 
Where  these  latter  occur,  the  rock  is  always  much  decomposed,  but 
in  other  parts— often  on  the  same  block — it  is  perfectly  fresh. 
Here  it  is  a  dark  basalt,  with  fine-textured  ground,  enclosing 
abundant  phenocrysts  of  felspar  and  showing  also  little  yellow 
grains  of  olivine.  The  felspars,  up  to  about  :^inch  in  length,  have 
a  peculiar  crystal-habit.  They  are  of  flat  tabular  shape,  and  present 
the  outline  of  a  rhomb,  resembling  in  this  respect,  though  otherwise 
vddely  different,  the  well-known  rhomb-porphyries  of  Norway. 
The  angles,  however,  are  in  this  case  quite  sharp.  We  have  not 
been  able  to  isolate  the  crystals  or  to  make  any  satisfactory 
crystallographic  determination  of  their  forms.  Slices  [9803]  show 
that  they  are  of  medium  labradorite,  with  a  maximum  extinction- 
angle  of  about  38**  in  sections  perpendicular  to  the  twin-lamellae. 
They  have  carlsbad-  as  well  as  albite-twinning,  and  a  slight  zonary 
banding  between  crossed  nicols.  The  little  elongated  felspars  of 
the  ground-mass  are  also  striated  ;  the  pale  brown  augite  has  the 
"granulitic"  habit;  round  grains  of  fresh  olivine  and  little 
octahedra  of  magnetite  are  present  in  moderate  amount. 

In  another  variety  from  the  Talisker  district  the  porphyritic 
felspars  (medium  labradorite)  have  the  usual  habit.  The  felspars 
of  the  ground  are  of  more  slender  shape,  and  the  augite,  less 
abundant  than  before,  is  ophitic.  This  rock  is  very  rich  in  olivine, 
and  magnetite  is  present  in  fair  amount  [9804]. 

In  the  tract  surrounding  the  Cuillins  porphyritic  basalts  are 
exceptional.    They  make  some  spread,  however,  along  Allt  Coire 
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Labain,  below  the  mouth  of  the  corrie.  Here  the  rock  contains  a 
large  amount  of  epidote,  principally  replacing  the  porphyritic 
felspars;  and  this  is  possibly,  though  not  necessarily,  to  be 
regarded  as  a  metamorphic  effect  due  to  the  neighbouring  gabbro 
intrusion. 

A  conspicuously  amygdaloidal  character  is,  as  has  already  been 
remarked,  generally  prevalent.  It  is  found  in  most  parts  of  the 
basalt  tract,  and  in  most  of  the  separate  flows,  and  usually  affects 
the  whole  thickness  of  a  flow.  In  some  cases  a  more  highly 
vesicular  and  scoriaceous  structure  marks  the  upper  surface  of  a 
flow,  but  in  most  instances  the  scoriaceous  crust  which  probably 
formed  the  surface  of  the  freshly  consolidated  lava  seems  to  have 
been  destroyed  before  it  was  covered  by  the  next  outpouring. 
Where  it  has  not  been  removed,  it  is  always  found  to  have  suffered 
greatly  from  atmospheric  decomposition,  and  is  in  great  part 
converted  into  an  obscure  ferruginous  material,  too  fragile  and 
incoherent  to  admit  of  slicing.  Good  examples  may  be  studied  at 
many  localities  on  the  coast,  e.g.  near  the  Stack  at  the  southerly 
point  of  Talisker  Bay. 

Although  we  have  not  found  it  practicable  to  map  the  basic 
lavas  except  as  a  whole,  it  is  easy  to  see  that  they  present  consider- 
able differences   in   mineralogical,    and   doubtless    in    chemical, 
composition,  and  in  this  respect  fall  under  different  heads.     Such 
a  classification  is  largely  independent  of  micro-structure,  which, 
as  we   have   seen,  is  determined   in   great   part   by  other   con- 
siderations.     There    are    firstly    the    olivine-hasalis,    which   are 
probably  the  most  prevalent  type.     These  are  of  thoroughly  basic 
composition.     We  do  not,  however,  take  the  presence  or  absence 
of  olivine  as  a  criterion  to  discriminate  between  the  basic  and  the 
sub-basic  lavas.     Many  of  our  rocks  devoid  of  that  mineral  are 
probably  quite   as   basic   in   composition  as  some  of  those  with 
olivine.     These   basalts  ivithout   olivine  consist   of  a  medium  or 
basic   labradorite,    abundant    augite,   and  often   a   rather   large 
amount  of  iron-ore.     Further    there  are  the  hyperstkene-bascdts 
(Plate  XVII.,  Fig.  3,  B),  in  which  the  rhombic  pyroxene  may  be 
regarded   as   in   some  sense  taking  the  place  of  olivine.     These 
rocks  rather  closely  resemble  some  which  are  widely  distributed 
in  the  Lower  Palaeozoic  volcanic  district   of  the   English  Lake 
Country.     Finally,  there  are  the  less  basic  rocks,  some  at  least  of 
which  may  on  petrographical  grounds  be  styled  augite-andtsites. 
Here,  not  only  is  olivine  absent,  but  magnetite  is  only  a  minor 
accessory,    and  felspar  predominates  decidedly  over  augite.     In 
some  cases  at  least  this  felspar  is  of  a  more  acid  variety  than  in 
the  preceding  types.     Judged   by   its    extinction-angles   in   the 
slices,  it  is  in  some  cases  andesine  and  even  oligoclase.     In  rocks 
containing  felspar  of  these  relatively  acid  kinds  augite  is  only 
sparingly  present,   and  the  mass  consists  chiefly  of  a  plexus  of 
small  narrow  felspar  crystals  giving  a  structure  comparable  with 
that  of  many  trachytes.    There  is,  however,  a  considerable  amount 
of  magnetite  in  minute  grains,  and  often  abundant  little  specks 
of  secondary  ferric  oxide.     Andesites  of  this  type,  both  amygdal- 


Sequence  of  Basic  Lavas. 


39 


oidal   and  non-amygdaloidal,  come  from  AUt   Dearg  Mdr,  near 
Sligachan,  and  other  places  [2624,  2625,  etc.]. 

Not  only  have  we  found  it  impracticable  to  map  out  subdivisions 
of  the  lava-group  based  on  the  sequence  of  different  petrographical 
types,  but  such  information  as  we  have  gained  on  this  point  from 
the  sliced  specimens  and  from  specific  gravity  determinations 
renders  it  very  doubtful  whether  any  simple  sequence  could  be 
made  out  even  from  a  much  larger  mass  of  data.  It  appears 
that  more  and  less  basic  lavas  are  intimately  associated,  and 
alternate  with  one  another.  The  lowest  lavas  were  specially 
examined  in  this  connection,  as  belonging  to  an  easily  defined 
horizon,  though  not  necessarily  the  same  in  different  localities. 
In  most  places  where  the  base  of  the  group  is  exposed  the  lowest 
lavas  are  decidedly  basic,  but  sub-basic  rocks  are  in  some  cases 
associated.  Thus  at  Creagan  Dubha,  near  Beinn  Dearg  Mhdr  (of 
Strath),  the  lowest  of  all  are  andesites,  then  follow  typical  basalts, 
but  above  these  andesitic  lavas  come  on  again.  At  other  horizons 
in  the  series  we  find  a  similar  alternation  of  different  types,  and 
the  difficulty  is  much  increased  by  the  fact  that  the  amygdaloidal 
lavas,  which  in  most    parts  largely   predominate,  are  often  too 


sw 
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Fig.  8. — Section  along  Allt  Dearg  M6r,  near  Sligachan  :  scale,  1^  mch  to  a 
mile.  The  general  direction  is  N.E.-S.W.,  but  the  line  is  made  to 
follow  the  principal  bends  of  the  stream.  A  number  of  dykes  and  a  few 
thin  sills  are  shown,  the  latter  indicating  the  general  dip  of  the  lava- 
group. 

A.  Amygdaloidal  lavas,  usually  much  decayed. 

B.  Hypersthene-Basalt. 

C.  Amygdaloidal  Andesite. 

D.  Ba^t,  very  rich  in  olivine. 

much  decomposed  to  permit  their  being  referred  confidently  to 
recognised  types  (see  Fig.  8). 

One  negative  characteristic  of  the  basic  lavas  of  Skye  deserves 
notice.  Professor  Judd*  has  pointed  out  an  interesting  difference 
between  these  basaltic  lavas  of  the  Brito-Icelandic  province  and 
those,  also  of  late  geological  age,  in  Bohemia,  the  Eifel,  Auvergne, 
etc.  The  foreign  basalts  frequently  enclose  nodular  crystalline 
patches  of  olivine,  or  of  olivine  and  enstatite.  Whether  they  be 
early  crystalline  segregations  floated  up  from  the  deep-seated 
source  of  the  lavas  or  actual  fragments  detached  from  concealed 
rock-masses — a  distinction  which  in  some  circumstances  may  be 
more  apparent  than  real — these  nodules  may  be  regarded  as 
foreign  bodies  enclosed  in  the  basalts:  they  are  what  Lacroixt 
styles  **  enclaves  homoegdnes."    Such  inclusions  are  not  met  with 

*  Quart,  Joum,  Geol,  iSfoc,  vol.  xlii.,  p.  70 :  1886. 

t  A.  Lacroix,  Les  enclaves  des  roches  volcanique$y  Macon,  1893,  p.  8. 
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in  the  British  lavas.  Farther,  the  lavas  in  our  area  do  not,  so  far 
as  our  observations  go,  carry  inclusions  of  other  rocks — ^troctolite, 
anorthosite,  and  especially  gabbro  and  granite — such  as  are 
found  abundantly  in  some  of  the  neighbouring  intrusive  rocks. 
With  this  negative  characteristic  of  our  basaltic  lavas  we  may 
perhaps  correlate  another,  viz.  the  comparative  rarity  of 
conspicuous  porphyritic  crystals.  This  subject  will  be  more 
fully  discussed  in  the  chapter  devoted  to  xenolithic  inclusions. 
Even  enclosed  fragments  accidentally  picked  up  (the  "  enclaves 
6nallogdne8 "  of  Lacroix)  are  very  rare  in  the  basaltic  lavas  of 
Skye,  and  when  they  are  found  it  is  in  association  with  special 
circumstances.  We  have  already  mentioned  one  locality,  a  little 
N.B.  of  Loch  Otlil  na  Creig,  near  StroUamus,  where  little  frag- 
ments of  sandstone  occur  rather  abundantly.  This  is  not  far  from 
a  place  where  the  lavas  are  seen  to  have  broken  in  an  irregular 
fashion  through  the  Torridon  Sandstone.  It  is  also  worthy  of 
note  that  the  lavas  here  rest  upon  a  conglomerate  (a  river-gravel 
of  the  volcanic  epoch)  composed  wholly  of  material  from  the 
Torridon  Sandstone ;  which  suggests  another  possible  source  for 
the  unusual  occurrence  of  enclosed  fragments  in  the  basalt. 
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CHAPTEE  IV. 
Basic  Lavas:  Alterations  and  METAMORpmsM. 

The  first  subject  which  calls  for  notice  under  this  head  is  the 
partial  decay  which  has  affected  in  varying  degree  the  greater  part 
of  our  basaltic  lavas.  Indeed  very  few  of  these  rocks  can  be 
considered  as  absolutely  in  their  pristine  condition,  consisting 
wholly  of  products  from  igneous  fusion.  There  are  good  reasons 
for  believing  that  only  a  part  of  the  alteration  observed  is 
attributable  to  what  may  be  strictly  termed  "  weathering,"  i.e.  the 
agency  of  surface  waters  percolating  the  rocks  and  carrying  the 
atmospheric  gases  and  other  substances  in  solution.  We  have  at 
least  to  consider  the  possibility,  and  indeed  probability,  that 
many  of  the  effects  may  be  due  to  the  a/stion  of  water  of  volcanic 
origin  held,  in  vesicles  and  otherwise,  in  the  lavas  themselves ;  and 
possibly  too  of  other  "  mineralising  agents,"  although  these  have 
left  little  clear  trace  of  their  presence.*  Such  action,  conducted 
presumably  at  relatively  high  temperatures,  and  not  long  subse- 
quent to  the  outpouring  of  the  lavas,  would  properly  be  regarded 
rather  as  the  final  phase  of  vulcanicity  than  as  a  later  and 
independent  event. 

The  question  here  raised  is  one  having  a  far  wider  bearing  than 
is  implied  in  its  application  to  the  Skye  basalts,  and  a  general 
discussion  of  it  would  not  be  in  place  here.  It  is  worthy  of  note, 
however,  that  a  comparison  of  these  Tertiary  lavas  with  similar 
ones  of  Palaeozoic  age  in  various  parts  of  Britain  does  not  bring 
out  any  apparent  relation  between  the  antiquity  of  the  several 
rocks  and  their  state  of  preservation.  It  is  instructive,  too,  to 
obsei've  that  the  intrusive  sills  intercalated  among  the  Skye  lavas, 
and  the  dykes  which  intersect  them,  are  always  in  a  fresher 
condition  than  the  lavas  themselves,  although  the  mineral  com- 
position is  similar  and  no  very  great  difference  of  age  can  in  some 
cases  be  presumed.  Still  more  striking  is  a  comparison  between 
the  ordinary  basaltic  lavas  of  the  plateau  country  and  their 
metamorphosed  representatives  bordering  the  large  plutonic 
intrusions.  It  is  clear  from  the  phenomena  to  be  described  below 
that  the  latter  were  at  the  time  of  these  intrusions  in  the  same 
altered  condition  as  the  former  are  now ;  while  it  is  also  evident 
that  since  the  metamorphism,  which  transformed  the  decomposi- 
tion-products into  new  substances,  largely  of  species   identical 

*'J^o  datolite  or  other  boron  mineral  has  been  recorded  from  the  Tertiary 
volcanic  districts  of  Britain.  Some  apophyllites  contain  a  small  amount  of 
fluorine,  and  thia  is  the  case  in  the  only  specimen  from  Skye  yet  analysed^ 
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with  the  original  igneous  minerals  of  the  basalts,  these  rocks 
have  suffered  no  further  noticeable  change.  We  may  fairly  infer 
from  this  that  the  alteration,  of  the  kind  here  considered,  in  the 
plateau  basalts  as  now  seen,  has  been  effected  almost  wholly  within 
a  quite  limited  time  immediately  following  their  extrusion. 
Without  pursuing  the  question  farther,  we  shall,  for  convenience 
of  description  at  least,  endeavour  to  separate  two  kinds  of  altera- 
tion in  the  basaltic  lavas :  one  belonging  to  the  closing  phase  of 
volcanic  activity  and  effected  by  the  agency  of  heated  water ;  the 
other,  still  in  progress,  due  to  atmospheric  action  and  properly 
described  by  the  term  weathering. 

Alteration  of  the  former  kind  is  everywhere  observable,  except 
where  its  effects  have  been  obliterated  by  subsequent  thermal 
metamorphism ;  but  it  is  most  notable  in  those  rocks  which  are 
most  conspicuously  amygdaloidal.  Doubtless  these  are  the  lavas 
which  held  most  water  when  they  solidified.  The  process  has 
consisted  mainly  in  the  abstraction  of  material  from  the  body  of 
the  rock,  and  especially  from  the  felspars,  to  fill  or  partially  fill 
the  vesicles,  fissures,  or  other  vacant  spaces.  Such  material  is 
deposited  in  the  vesicles  and  other  cavities  in  new  forms,  viz.  as 
minerals,  usually,  into  the  constitution  of  which  the  water  itself 
enters.  In  this  way  the  vesicles  of  the  lava  have  become 
amygdules  and  the  larger  cavities  druses.  The  smaller  spaces  are 
always  filled,  the  larger  ones  partially  filled  or  only  lined :  where 
empty  vesicles  are  found  it  is  only  because  subsequent  weather- 
ing has  removed  the  contents. 

It  is  the  amygdules  and  druses  in  the  basalts  that  have  made 
many  places  in  Skye  famous  with  mineralogists.  We  reproduce 
here,  from  various  sources,  chemical  analyses  of  a  number  of  the 
minerals. 


I.  Thomsonite,  near  Steinscholl :  anal.  Heddle,  Min.  Mag,,  vol.  v., 

p.  119  :  1883.     Lost  0848  per  cent,  moisture  at  100*^  C. 
II.  Ditto,  Storr  :  ibid.,  p.  120. 

III.  Ditto  (Faroelite),  Storr :  anal.  Heddle,  Phil.  Mag,  (4),  vol.  xiii., 

p.  53 :  1867. 

IV.  Ditto,  Portree  :  ibid. 
V.  Ditto,  Uig :  ibid.,  p.  54. 

VI.  Ditto,  Uig,  another  specimen  :  ibid. 
VII.  Ditto,  Old  Man  of  Storr :   anal.  Thomson,  cit.  Heddle,  Min,  of 

Scot,  vol.  ii.,  p.  111. 
VIII.  Scolezite,  Portree :  anal.  Heddle,  ibid.,  p.  106. 
IX.  Ditto,  Storr  :  ibid.     The  total  is  there  given  as  95*55. 
X.  Mesolite,  Talisker  :  anal.  Heddle,  Fhil,  Mag.  (4),  vol.  xiii.,  p.  51  : 

1857. 
XL  Ditto,  Storr:  ibid.,  p.  52. 
XII.  Ditto,  Ealmuir :  ibid. 
XIII.  Ditto,  near  Steinscholl :  anal.  Heddle,  Min.  Mag.,  vol.  v.,  p.  118  : 

1883.     Lost  0-9  per  cent,  moisture  at  100^  C. 
XrV.  Uiffite,  near  Uig :  mean  of  duplicate  analyses  by  Heddle,  Min. 
Mag.,  vol.  v.,  p.  27  :  1882. 
XV.  Laumontite,  Snizort :   anal.  Connell,  cit.   Hintze,   Heddle,  and 

others. 
XVI.  Ditto,  Storr  :  anal.  Scott,  Edin.  New  Phil.  Joum.,  vol  liii.,  p.  284  : 
1852. 
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44  MineraU  from  Aniygdvies  of  Basic  LoAHis. 

XVIL  Ditto,  Skye :  anal.  Mallet,  Amer,  Joum,  Set,  (2),  vol  xxii.,  p.  179 : 

1856. 

XVm.  Ditto,  Storr :  anal.  Heddle,  Min,  of  Scot,  voL  ii.,  p.  91 :  1901. 
XIX.  Ditto,  Storr :  ibid, 
XX.  Ditto,  ?  Skye :   mean  of  duplicate  analyses  by  Babo  and  Delfis, 
Pogg,  Ann,,  vol.  lix.,  p.  341 :  1843. 
XXI.  Stilbite  (Sphrerostilbite),  Storr :  anal.  Heddle,  Greg  and  Lettsom's 

Manual,  p.  164  :  1858. 
XXII.  Ditto  (Hypostilbite),   Skye :    anal   Haughton,    Phil.  Mag,  (4), 
vol.  xiii.,  p.  509  :  1857. 
•XXm.  Levyne,  Quiraing :  anal.  Heddle,  Min,  of  Scot,,  vol.  ii.,  p.  96  : 

1901. 
XXIY.  Chabasite,  blue,  Talisker :  anal.  Heddle,  ibid,,  p.  93. 
XXV.  Ditto,  white,  Talisker :  ibid, 
XXYI.  Acadialite  (Chabasite),  Talisker :  ibid, 
XXYII.  Gmelinite,  ?Skye :  anaL  Berzelius,  cit.  Heddle,  ibid.,  p.  96. 
XXVIII.  Analcime,  Talisker:  anal.  Heddle,  ibid,,y,  97. 
XXIX.  Gyrolite,  Storr :  anal.  Anderson,  Phil,  mag.  (4),  vol.  i.,  p.  113 : 

1851. 
XXX.  Apophyllite,  Storr:  anaL  Heddle,  Min.  of  Scot.,  vol.  ii.,  p.  81 : 

1901.    With  0-7  of  fluorine. 
XXXI.  Pectolite,  Storr :  anal.  Scott,  Edin,  New  Phil.  Joum.,  vol.  liii., 
D  280  *  1852 

XXXII.  Ditto,  Talisker  •  anal.  Heddle,  PhU,  Mag.  (4),  vol.  ix.,  p.  263 : 

1855. 

XXXIII.  Okenite,  An  Leth  Allt,  Loch  Brittle:   anal.  Stuart  Thomson, 

Trans,  Oeol,  Soc.  OUug.,  vol.  ix.,  p.  251  :  1893. 

XXXIV.  Ditto,  Dunau  Earr  an  Sg^rr  :  anal.  Heddle,  ibid. 

XXXV.  Saponite,  olive,  Storr :  anaL  Heddle,   TVans.  Roy.  Soc.  Edin., 
vol.  xxix.,  p   100 :   1879.     Lost  13*652  per  cent  moisture  at 
100^  C. 
XXXVI.  Ditto,  white,  Quiraing :  ibid.    Lost  15*536  per  cent,  moisture  at 

1QQO  Q 

XXXVIL  Ditto,  yeUow,  Quiraing :   ibid,  p.  101.     Lost  15*132  per  cent, 
moisture  at  100<>  C. 

The  minerals  which  contribute  to  fill  the  amygdaloid  and  geodic 
cavities  of  the  basalts  are  very  numerons.  Most  common  of  all 
are  zeolites  in  great  variety,  several  occurring  together  in  the 
large  amygdules  of  certain  localities.  In  addition  to  radiating 
fibrous  aggregates,  which  often  occupy  the  smaller  and  more 
spherical  cavities,  chabasite,  analcime,  and  stilbite  are  very 
frequently  recognised.  Prom  mineralogical  works  a  long  list 
might  be  compiled,*  including  thomsonite,  mesolite,  faroSlite, 
laumontite,  gyrolite,  pectolite,  apophyllite  (with  tesselite),  prehnite 
scolezite,  gmelinite,  levyne,  heulandite,  epistilbite,  sphaerostilbite, 
acadialite,  and  uigite.  Some  of  the  last-named  are  of  rare  and 
exceptional  occurrence.  Among  localities  known  to  collectors  for 
the  variety  and  beauty  of  their  crystals  are  Talisker  Bay,  the 
Storr,  the  Quiraing,  and  a  spot  about  a  mile  north  of  the  last. 
Where  two  or  more  zeolites  occur  in  the  same  cavity,  they 
form  successive  coats  more  or  less  regularly  disposed.  The 
larger  cavities  are  often  not  completely  filled,  the  central  space 
being  either  empty  or  occupied  by  water  giving  an  alkaline 
reaction. 

*  For  our  present  purpose,  such  hydrous  silicates  as  apophyllite.  pectolite, 
and  gjrrolite  may  he  loosely  grouped  with  the  zeolites. 


The  AmygduUs  part  of  the  Rock,  45 

While  zeolites  and  allied  minerals  are  usuallj  the  chief,  and 
often  the  sole,  contents  of  the  amygdules,  thej  are  frequently 
accompanied  by  other  substances,  and  sometimes  give  place  to 
them  entirely.  Among  these  may  be  mentioned  chloritic 
minerals,  which  seem  to  belong  to  Heddle's  division  of  the 
saponites  as  distinguished  from  the  chlorites  proper :  indeed  he 
has  identified  the  species  saponite  from  more  than  one  locality. 
Calcite  is  not  infrequent,  and  in  some  places  occur  chalcedony  and 
onyx,  less  fr^uently  crystalline  quartz.  Epidote  is  locally 
abundant,  especially  near  the  gabbro  border,  where  it  may 
possibly  be  connectcKi  with  metamorphism  due  to  that  rock.  In 
a  few  places  iron-oxides  (haematite  and  limonite)  occur  in 
quantity.  Finally  bitumen  or  asphalte  is  known,  though  not 
common,  and  Heddle  states  that  calcite  sometimes  contains  a 
considerable  amount  of  this  substance,  while  petroleum  partly  fills 
cavities  at  Talisker.* 

It  can  scarcely  be  doubted  that  the  contents  of  the  amygdules  are, 
generally  speaking,  derived  from  the  rocks  themselves,  and  carried 
to  the  cavities,  where  they  occur,  dissolved  in  water,  which  need  not 
have  had  any  extensive  circulation.  The  characteristic  minerals 
are  all  such  as  might  be  expected  from  such  a  source.  It  is  notice- 
able that'  the  zeolites  are  mostly  lime-zeolites  or  such  soda-lime- 
zeolites  as  have  lime  for  their  principal  base,  the  soda-zeolite 
analcime  being  almost  the  only  exception.t  It  is  reasonable  to 
suppose  that  the  original  composition  of  the  basalt,  save  as  regards 
water,  is  represent^  by  an  analysis  of  the  rock  inclusive  of  the 
amygdules.  The  partial  decomposition  of  some  of  the  original 
minerals  and  the  transference  of  derived  materials  to  the  vesicles 
were,  it  seems  highly  probable,  carried  on  at  somewhat  high 
temperatures;  the  process  being  not  an  accident  of  "weathering" 
long  posterior  to  and  independent  of  the  extrusion  of  the  lavas,  but 
rather  a  final  result  of  the  volcanic  energy  itself.  The  partial 
unmaking  of  these  basaltic  rocks  andthe'concurrent  infilling  of  their 
vesicles  and  other  cavities  may  have  begun  as  soon  as  the  lavas 
were  solid,  and  continued  throughout  their  cooling.t  We  know  at 
least  that  the  process  was  complete  prior  to  the  next  events  of 
which  we  have  record  in  the  district,  the  intrusions  of  the  perido- 
tites  and  gabbros;  for  the  amygdules  are  metamorphosed  in  common 
with  the  rest  of  the  rock  in  the  vicinity  of  the  peridotite,  gabbro, 
and  granite  masses. 

K  the  filling  of  the  vesicles  by  zeolites  and  other  minerals  took 
place  during  the  cooling  of  the  lavas,  and  was  a  process  requiring 
a  prolonged  time,  it  follows  that  the  earlier-formed  minerals  must 
have  crystallised  at  higher  temperatures  than  those  which  followed. 

*  See  Heddle,  Mineralogy  of  Scotland^  1901.  From  the  same  work  we  may 
add  the  sulphide  tetrahedrite  and,  of  very  rare  occurrence,  native  copper 
coated  with  malachite. 

t  Even  the  analcime,  in  the  only  specimen  analvsed,  contains  a  notable 
amount  of  lime.    The  absence  of  natrolite  is  especially  to  be  remarked. 

Sir  A.  Greikie,  Ancient  VoUcmoea  of  Cheat  Britain,  vol.  ii.,  p.  189 : 


1897. 


46  Weathering  of  the  Basic  Lavas. 

The  data  are  wanting  which  would  enable  ns  to  apply  this  test. 
We  might  expect  the  content  in  water  of  the  various  compounds 
to  aflTord  some  clue,  and  J.  D.  Dana,*  writing  many  years  ago  on 
this  subject,  with  special  reference  to  the  Lake  Superior  region, 
remarked  that  the  earlier  minerals  in  general  contain  less  water  in 
their  composition  than  the  later.  This  rule,  however,  holds  good 
only  partially  in  Skye.  Quartz  and  calcite  are.  as  might  be  expected, 
always  the  earliest  minerals  in  the  amygdules  in  which  they 
respectively  occur,  but  the  chloritic  minerals  come  next,  before  even 
the  least  hydrous  of  the  zeolites.  Of  the  latter,  too,  chabasite,  with 
as  much  as  20  per  cent,  of  water,  has  usually  crystallised  first  of  all, 
though  it  is  exceptionally  found  on  both  stilbite  and  analcime. 
Apophyllite  is  found  crystallised  on  gyrolite,  this  on  mesolite  and 
thomsonite,  and  mesolite  on  analcime,  all  in  accordance  with  their 
percentages  of  water;  but  elsewhere  analcime  occurs  on  mesolite 
and  even  on  apophyllite.  It  is  clear  that  more  than  one  factor 
goes  to  determine  the  particular  mineral  formed  at  any  epoch, 
one  being  probably  the  relative  proportions  of  lime  and  soda  in 
solution. 

The  changes  in  progress  in  the  rocks  at  the  time  when  the 
amygdules  were  filled  were  evidently  of  a  kind  which  resulted  in  the 
production  chiefly  of  zeolites.  In  these  minerals  the  molecular 
ratios 

CaO  +  Na^O  :  AlgOg  :  SiO^ 

vary  from  1:1:2  (thomsonite,  mesolite,  etc.)  to  1:  1:4 
(analcime  and  laumontite),  or  exceptionally  1:1:6  (stilbite);  thus 
corresponding  generally,  excepting  the  water,  with  the  composition 
of  the  felspars  from  which  they  are  derived.  It  appears,  therefore, 
that  the  lime  and  soda,  alumina,  and  silica  have  been  abstracted 
from  the  felspars  in  the  same  proportions  as  they  present  in  those 
minerals.  This  is  very  difierent  from  what  occurs  in  ordinary 
weathering,  and  points  to  different  conditions,  of  which  high  tem- 
perature is  doubtless  one.t 

Turning  now  to  true  weathering,  the  contrast  becomes  very 
apparent.  The  results  here  are,  in  the  earlier  stages,  a  partial 
chloritisation  of  the  augite,  serpen tinisation  of  the  olivine,  carbona- 
tisation  of  the  felspars,  etc.,  with  some  separation  of  silica.  In  the 
later  stages  we  find  complete  disintegration  of  the  rock,  the  original 
minerals  being  totally  destroyed.  This  has  happened  to  some 
extent  during  the  volcanic  period  itself,  whenever  any  noteworthy 
pause  occurred  in  the  outpouring  of  the  lavas,  the  surface  of  the 
last  solidified  flow  being  thus  exposed  to  subaerial  agents  of 
destruction  until  it  was  covered  by  a  new  outburst.     These  old 

*  Amer,  Joum.  Set,,  vol.  xlix.,  pp.  49-64  :  1845. 

tThe  well-known  occurrence  of  zeolites  formed  from  thermal  waters  in 
Roman  masonry  at  Plombier6s,  etc.,  has  an  obvious  bearing  on  this  question, 
and  the  processes  by  which  zeolitic  minerals  have  been  artificially  produced 
are  equally  instructive.  See  Daubr^e,  Etudes  synthitiques  de  giclogie  expSri- 
mentaky  1879. 
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land-surfaces  are  marked  by  ferruginous,  or  siliceous  and 
ferruginous,  clays  of  composition  very  different  from  that 
of  the  basalts.  The  change  consists,  besides  hydration, 
in  the  removal  of  a  large  .part  of  the  substance  of  the 
original  rock,  and  the  several  ingredients  have  been  removed  in 
very  different  proportions.  The  alkalies  and  most  of  the  lime  are 
readily  carried  off;  and  part  of  the  silica,  and  usually  of  the  iron, 
goes  also,  the  behaviour  of  these  two  constituents  differing  in 
different  cases.  This  results  in  a  relative  enrichment  in  alumina, 
a  substance  which  does  not  enter  into  easily  soluble  compounds, 
and  the  rock  is  reduced  to  a  clay ,  siliceous  or  ferruginous  according 
to  the  proportions  of  silica  and  iron-oxide  which  remain.  The 
process,  ideally  complete,  would  give  rise  to  a  clay  consisting 
practically  of  hydrated  alumina;  but  this  final  stage  does  not  seem 
to  have  been  reached  in  the  basaltic  district  of  Skye.  Here  in  the 
most  altered  deposits  the  alumina  is  probably  still  combined  with 
silica. 

Several  writers  have  remarked  the  occurrence  of  beds  of  clay, 
usually  more  or  less  ferruginous,  interbedded  among  the  basalts  in 
the  northern  and  western  parts  of  Skye.  Macculloch*  noticed 
them  especially  in  the  great  Talisker  cliff  (Beinn  nan  Cuithean), 
where  the  number  of  beds  varies  from  eight  or  nine  to  twelve, 
fifteen,  or  even  more  in  the  precipitous  face  of  900  feet.  Boue 
mentioned  a  reddish  or  purplish  "bolar"  substance  in  the  same 
neighbourhood.  In  1882  Heddle  noticed  a  similar  ferruginous 
clay,  usually  of  a  deep  red  colour,  forming  layers  one  or  two  feet 
thick  at  the  Quiraing,  and  occurring  also  in  a  repeated  series  of 
beds  at  the  Storr.  He  gave  an  analysis  of  the  substance  (column 
I.  below),  and  pointed  out  its  identity  with  the  so-called  plinthite 
of  Antrim.  The  latter  (A)  had  been  regarded  by  Thomson  as  a 
distinct  mineral,  but  is  only  a  type  of  many  clays  in  the  Antrim 
district.  The  substance  examined  by  Heddle  is  doubtless  of  similar 
nature  to  that  at  Talisker,  for  elsewhere  he  remarks  at  this  place 
"bands  of  plinthite,  of  some  inches  in  thickness,  zoning  the 
cliffs  horizontally  from  bottom  to  top  at  distances  of  about  40 
feet."t 

In  1896  Sir  A.  Geikie  drew  attention  again  to  the  clays  inter- 
calated among  the  basalt-flows  between  Lochs  Brittle  and  Dun- 
vegan,  and  especially  to  the  cliff  at  Rudha  nan  Clach,  north  of 
Talisker  Bay,  where  "some  conspicuous  bands  of  lilac  and  red  are 
interspersed  among  the  basalts.''^  He  suggested  that  they  might 
be  worth  examination  from  the  economic  point  of  view,  as  a  possible 
source  of  aluminium ;  the  clays  of  the  basaltic  district  of  Antrim 
being  well  known  to  include  some  of  the  bauxite  type,  which  have 
been  utilised  for  that  industry.  The  analysis  B,  furnished  by  the 
Antrim  Iron  Ore  Company,  represents  one  of  these  Irish  clays  of 
such  a  grade  as  can  be  worked  profitably  as  bauxite,  and  G  a  less 
siliceous  sample  which,  in  the  dry  state,  must  consist  to  the  extent 

*  Dtscription  of  the  Western  Islands  of  Scotlani,  vol.  i.,  pp.  376,  377:  1819. 

fMin,  mag.y  vol.  iv.,  p.  xiii. :  1880. 

t  Quart.  Joum.  Oeol.  Soc.,  vol.  lii.,  pp.  339,  340 :  1896. 
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I. 

A. 

B. 

C. 

D. 

SiO,      - 

-  29-647 

30-88 

14-60 

3-26 

50.76 

TiOa      - 

~             •  • 

•  • 

•  • 

4-53 

•  • 

AljO,   -        - 

-  19027 

20-76 

47-60 

46-68 

20-87 

FejOs  - 

-  28013 

2616 

2-30 

2-74 

15-90 

FeO       - 

-     3-251 

•   • 

•      • 

•   • 

•    • 

MnO      - 

-     0-844 

•   • 

«      • 

•    • 

•   • 

CaO       - 

-     2-234 

2-60 

•      • 

■   • 

0-72 

H,0     («>"?^^^^) 
>     \  (moisture) 

.  10-704  1 
-     6-687 

100-307 

19-60 

f  18-00 
1700 

25-13  1 
17-00 

10-50 

100-00 

99-40 

99-34 

98-74 

Specific  gravity 

•   « 

2-342 

•    • 

• 

•    • 

1.  Ferruginous  clay  ("  plinthite "),   Quirain/^,  Skye:    anal.    M.    F. 
Heddle,  Min,  Mag.,  vol.  v.,  p.  26 ;  1882. 

A.  Ferruginous  clay,  brick-red  ("  plinthite "),  Antrim :   anal.  Thos. 

Thomson,  OuUines  of  Mineralogy,  vol.  i.,  p.  323  (in  7th  ed., 
1«36). 

B.  Bauxite  clay,  Antrim. 

C.  Bauxite  clay,  less  siliceous,  Ballynure,  Antrim. 

D.  Ferruginous  and  siliceous  day,  bluish  grey,  southern   part  of 

Antrim :  anal.  Apjohn,  see  Delesse,  Ann,  des  mines,  {bth  ser.), 
vol.  xii.,  p.  419:  1857. 

of  86  to  89  per  cent,  of  the  mineral  bauxite,  HflAljOj.  More  than 
20  per  cent,  of  silica  or  3  per  cent,  of  iron  is  detrimental  to  the 
purpose  in  view,  and  consequently  material  such  as  that  analysed 
by  Heddle  would  be  without  value.  The  Company  named  have 
had  partial  analyses  made  of  samples  of  clays  from  Skye,  which 
appeared  to  be  promising  for  the  bauxite  industry,  but  the  results 
were  of  a  disappointing  kind.  The  General  Manager,  Mr  Arch. 
Livingstone,  has  kindly  communicated  the  particulars,  as  below. 
The  specimens  were  from  Rudha  nan  Clach,  from  Talisker,  and 
from  near  the  Talisker  Distillery  at  Carbost  on  Loch  Harpbrt. 
Each  gave  about  17  per  cent,  of  moisture. 

SiO,        Yq,0, 

Rudha  nan  Clach  (from  "  Iron  Ore  Bed  ")  32-37  1909 

Do.  (under  the  "  Iron  Ore  Bed")  -         -  33*45  1768 

Stream  above  Talisker  Farm  -         -  34-86  15*60 

Quarry  above  Talisker  Distillery   -         -5188  12*95 

Do.,  another  sample     -         -        -         -46*11  14*36 

At  or  near  the  same  place    -        -        -  45*85  14*35 

The  first  three  are  evidently  of  the  "plinthite"  type,  and  are 
both  too  siliceous  and  too  ferruginous  for  use;  while  the  other 
three  depart  still  farther  fix)m  the  bauxite  standard.  These  latter 
resemble  in  their  content  of  silica  another  type  of  clay  from  Antrim, 
occurring  at  the  base  of  the  volcanic  series  {see  column  D). 
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Mr  H.  B.  Woodward,  who  mapped  the  basalts  in  the  vicinity  of 
Portree  for  the  Geological  Survey,  collected  in  1894  a  specimen 
bearing  much  apparent  resemblance  to  the  Irish  bauxite  from  Leac 
A^hamnha,  on  the  south  side  of  Portree  Harbour,  and  has  supplied 
a  note  on  the  subject:  "A  sample  was  sent  to  Mr  J.  Hort  Player, 
who  very  kindly  examined  it  and  made  a  partial  analysis:  this 
showed  that  the  rock  contained  only  about  30  per  cent,  of  alumina, 
and  it  was  evidently  a  somewhat  altered  volcanic  ash — possibly  a 
material  from  which  bauxite  might  ultimately  be  produced  by 
natural  causes.  The  occurrence  of  bands  of  hardened  red  clay 
among  the  bedded  basalts  is  well  known.  Bands  of  this  nature, 
approaching  to  lithomarge,  occur  at  Ben  Tianavaig  and  other 
localities." 

It  will  be  seen  that  our  present  knowledge  scarcely  warrants  any 
expectation  that  workable  bauxite-clays  of  importance  will  be  found 
in  Skye.  Further,  although  the  samples  of  clays  examined  contain 
enough  iron-oxide  to  render  them  unsuitable  for  this  purpose,  we 
have  not  discovered  among  the  Skye  basalts  any  important  bedded 
iron-ores  such  as  accompany  the  Irish  clays,  and  have  been  worked 
concurrently  with  them.  An  important  diflference  between  the  two 
districts  is  to  be  noted  in  this  connection.  While  the  basaltic 
group  of  Skye  appears  to  be  indivisible,  that  of  Antrim  falls 
into  two  well-marked  sub-groups,  separated  in  time  by  an  interval 
which  may  have  been  very  considerable.  During  this  interval, 
while  the  Lower  Basalts  remained  for  a  long  time  an  exposed  land- 
surface,  the  pisolitic  iron-ores,  the  bauxites,  lithomarges,  and  boles, 
and  the  associated  plant-beds  were  formed,  and  they  now  divide  the 
Upper  from  the  Lower  Basalts.  In  addition  there  are  in  Antrim 
minor  beds  of  ferruginous  clays  intercalated  among  the  basalts  at 
various  horizons,  and  it  is  with  these,  not  with  the  main  deposits, 
that  the  occurrences  in  Skye  are  to  be  paralleled. 

Brick-red  ferruginous  clays,  resulting  from  the  decomposition  of 
the  basaltic  lavas  and  doubtless  of  the  same  general  character  as 
the  "plinthite"  analysed  by  Heddle,  are  widely  distributed, 
especially  in  the  western  part  of  the  area  surveyed,  and  may  often 
be  observed  running  as  narrow  bands  along  the  face  of  the  precipi- 
tous cliffs  between  Loch  Brittle  and  Loch  Harport.  In  a  few  cases, 
where  they  are  associated  with  decomposed  tuffs  and  impure 
carbonaceous  seams,  these  clays  may  have  been  formed  in  shallow 
pools  into  which  the  material  was  washed,  but  in  general  they  are 
to  be  regarded  as  due  to  the  decomposition  of  the  lava  in  place. 
This  is  often  shown  by  the  occurrence  of  intermediate  stages  of 
decay,  giving  a  gradual  transition  from  ordinary  basalt  to  typical 
"plinthite";  and  in  some  cases  amygdules  are  evident  in  a  rock 
which  is  otherwise  completely  converted  to  red  clay.  As  a  rule 
the  seams  do  not  exceed  a  very  few  inches  in  thickness,  but  there 
are  exceptions  to  this  rule.  The  thickest  mass  which  we  have 
observed  reached  between  three  and  four  feet.  This  is  in  Fiskavaig 
Bum,  about  700  yards  above  the  hamlet  :  its  lateral  extent  cannot 
be  traced.  Basalts  showing  various  stages  of  this  kind  of  altera- 
tion, down  to  typical  plinthite,  may  have  a  thickness  of  10  or  15 
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feet,  as  in  the  bum   above  Drynoch  Farm,  near  Loch  Harport, 
and  the  Glen  Caladale  bum,  west  of  the  mouth  of  Loch  Eynort. 

The  basaltic  lavas  in  the  vicinity  of  the  large  gabbro  and  granite 
intrusions  invariably  show  the  effects  of  thermal  metamwrphism  in 

greater  or  less  degree.  In  some  places  on  the  west  side  of  the 
uillins  the  transformation  they  have  suffered  is  such  that  to 
ordinary  inspection  the  true  nature  of  the  rocks  is  almost  completely 
disguised;  but  in  genersll  the  altered  lavas  are  still  easily  recognis- 
able as  such,  though  manifestly  changed  to  some  extent.  They 
assume  a  dark  grey  colour,  and  are  tougher  and  more  compact  than 
the  unaltered  rocks,  breaking  with  a  more  splintery  fracture.  The 
amygdules,  instead  of  perishing  more  rapidly,  are  now  more 
durable  than  the  body  of  the  rock,  and  are  prominent  on  a 
weathered  face. 

It  is  always  found  that  the  first  indications  of  change  appear  in 
the  chloritic  and  other  alteration-products  of  the  basalts  and  the 
contents  of  the  amygdules.*  In  other  words,  products  formed  at 
relatively  low  temperatures  were  affected  more  readily  than  minerals 
originally  crystallised  from  igneous  fusion.  Indeed,  many  obser- 
vations, in  this  district  and  elsewhere,  point  to  the  fact  that  hydrous 
compounds  with  part  of  their  water  only  loosely  held,  and  carbonates 
in  the  presence  of  available  silica,  enter  into  new  combinations 
on  a  quite  moderate  elevation  of  temperature.  With  progressive 
metamorphism  the  essential  minerals  of  the  rock  become  in  turn 
unstable,  the  augite  being  transformed  before  the  felspar. 

The  most  conspicuous  secondary  minerals  in  the  general  mass 
of  the  metamorphosed  rocks  are  a  greenish  or  yellowish-green 
rather  fibrous  hornblende  and  a  brown  biotite,  separately  or  often 
together.  Epidote  is  often  found,  and  to  considerable  distances 
from  the  intrusions,  in  rocks  showing  but  little  other  change; 
but  it  cannot  be  assumed  that  this  mineral  is  always  a  product  of 
thermal  metamorphism.  Of  the  hornblende  and  biotite,  the  former 
comes  usually  from  direct  transformation  of  the  augite,  a  kernel  of 
which  is  often  left  unchanged  in  the  partially  metamorphosed 
rocks.  The  biotite,  on  the  other  hand,  seems  from  its  disposition 
to  be  derived  in  great  part  from  chloritic  and  other  alteration- 
products  of  the  original  rock :  for  example,  it  occurs  as  minute 
flakes  disseminated  through  the  felspar  [2709].  Presumably  the 
presence  of  alkalies  and  a  deficiency  of  lime  in  spots  where  chloritic 
material  was  collected  would  tend  to  determine  the  formation  of 
biotite  rather  than  hornblende.  It  is  clear,  however,  that  the  latter 
mineral  too  may  sometimes  be  formed  from  the  alteration-products, 
for  we  find  it  occupying  little  veins  [2699],  or  as  actinolitic 
needles  embedded  in  an  aggregate  of  yellowish-green  chloritic 
material  [27011.  Many  of  the  slides  show  biotite  forming  in 
preference  to  hornblende  in  immediate  proximity  to  grains  of 
magnetite,  which  have  probably  famished  some  iron  for  the 
pinrpose  [7128,  etc.]. 

''^  A  few  exAinpies  have  been  described  in  Quart,  Joum,  Cttol.  jSoc,  vol.  lii., 
pp.  386,  387  ;  1896. 
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The  felspar  of  the  basalt  is  often  quite  unchanged  in  the  less 
metamorphosed  rocks,  although  the  augite  may  be  far  advanced 
towards  total  replacement  by  the  minerals  already  mentioned. 
The  earliest  change  seen  in  the  felspar  is  a  clearing  of  the  crystals 
from  the  slight  turbidity  which  they  often  show  in  the  non- 
metamorphosed  rocks :  in  the  most  altered  rocks  the  felspars  are 
completely  re-crystallised,  and  little  trace  may  remain  of  the  original 
micro-structure  of  the  rock.  It  is  doubtful  to  what  extent  the 
original  magnetite  of  the  basalt  is  also  recrystallised. 

The  most  interesting  metamorphic  eflTects  are  found  in  connection 
with  the  amygdules.  We  have  seen  that  these,  in  a  very  large 
proportion  of  the  Skye  basalts,  consist  of  zeolites,  two  or  more 
being  often  associated  within  the  same  cavity.  In  the  meta- 
morphosed rocks  the  amygdules  present  a  dead-white  aspect  not 
unlike  that  seen  in  many  of  the  unchanged  lavas,  but  they  are 
notably  harder,  and  on  examination  are  found  to  be  of  felspar. 
This  conversion  of  lime-  and  lime-sodorzeolites  into  lime-soda^ 
felspars  by  thermal  metamorphism  is  one  that  might  be  expected 
on  chemical  grounds,  although  it  does  not  appear  to  have  been 
recorded  from  other  districts.  In  many  cases  it  must  involve 
little  more  total  chemical  change  than  the  expulsion  of  the  water, 
and  it  is  indeed  merely  a  restoration  of  the  original  minerals  of 
which  the  zeolites  are  the  degraded  representatives. 

The  felspars  in  these  metamorphosed  amygdules  (PI.  XVII., 
Figs.  4  and  5)  form  an  aggregate  of  interlocking  crystals  or  allotrio- 
morphic  crystal-grains  with  a  somewhat  dusty  appearance  in  thin 
slices.  Often  they  are  apparently  untwinned,  but  fine  twin- 
lamellation  is  also  very  frequently  seen.  Measurements  of  extinc- 
tion angles  in  different  cases  indicate  oligoclase,  andesine,  and 
andesine-labradorite,  besides  more  basic  varieties,  and  more  than 
one  of  these  may  occur  in  intimate  association.  Probably  the  kind 
of  felspar  formed  in  any  particular  part  of  an  amygdule  depended 
upon  the  composition  of  the  zeolitic  substance  at  that  spot,  for  we 
have  reason  to  believe  that  in  ordinary  thermal  metamorphism 
interchange  of  material  is  restricted  within  very  narrow  limits.* 
That  the  transformation  of  the  zeolites  into  felspars  took  place  very 
readily,  i.e.  did  not  demand  a  very  elevated  temperature,  appears 
from  the  fact  that  it  has  occurred  in  specimens  which  exhibit  no 
other  sign  of  metamorphism  [7460].  Further,  we  have  found 
little  in£cation  of  the  replacement  being  a  gradual  process,  for 
only  rarely  do  a  few  patches  of  unchanged  zeolite  remain  in  the 
heart  of  the  new-formed  felspar  [7127]. 

Felspars  are  often  the  only  contents  of  the  metamorphosed 
amygdules,  but  in  other  cases  we  find  various  minerals  in  addition, 
doubtless  when  the  zeolites  have  occupied  the  original  cavity  in 
company  with  chloritic  material,  calcite,  etc.  Epidote  is  a  not 
infrequent  associate  of  the  felspar,  in  grains  or  imperfect  crystals — 
always  at  or  near  the  boundary  of  the  amygdule,  and  sometimes  form- 

♦See  Harker  and  Marr,  Qiuiri,  Joum,  Oeol,  Soc,,  vol.  xlix.,  pp.  368,  369  : 
1893. 
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ing  a  continuous  border,  which  lies  mainly  within  the  boundary  but 
may  also  encroach  slightly  upon  the  general  mass  of  the  rock.  It 
is  of  earlier  crystallisation  than  the  new  felspar,  which  is  often 
seen  to  be  moulded  upon  it  (Plate  XVII.,  Fig.  5).  The  epidote 
is  nearly  colourless  in  thin  slices.  Its  bi-refringence  is  very 
variable,  and  some  of  the  crystals  appear  to  be  rather  zoisite  than 
epidote.  ^Probably  the  mineral  formed  at  any  spot  depended 
upon  the  relative  quantities  of  lime  and  iron  available  for  its 
composition.  Occasionally  a  few  rose-coloured  grains  indicate 
some  content  of  manganese,  and  may  be  termed  withamite  [7461], 
In  other  slices  an  augite  mineral,  perhaps  malacolite,  and  a  fibrous 
faint-green  hornblende  occur  as  constituents  of  the  metamorphosed 
amygdules.  They  may  be  intimately  associated  with  felspar  to 
build  a  crystalline  aggregate  of  fine  texture.  They  have 
crystallised  before  the  latter  mineral,  and  needles  and  fibres  of  the 
hornblende  are  seen  penetrating  both  the  felspar  and  certain 
small  patches  of  clear  quartz  which  occur  only  sparingly. 

Summarily,  these  metamorphosed  basic  lavas  have  the  same 
general  characteristics  as  have  been  described  for  similar  rocks 
elsewhere — e.^.,  for  those  of  Lower  Palseozoic  age  near  the  granites 
of  Shap  and  Eskdale  in  the  English  Lake  District ;  but  the  Skye 
basalts  present  a  special  feature  of  interest  in  the  abundant  for- 
mation of  felspars  at  the  expense  of  zeolites  in  the  amygdaloidal 
cavities. 

The  efiects  described  are  the  most  usual  results  of  thermal 
metamorphism  in  the  basalts,  and  may  be  observed  in  various 
stages  of  development  to  distances  of  half  a  mile  or  more  from  the 
boundaries  of  the  large  plutonic  masses.  In  some  places,  how- 
ever, changes  of  a  more  radical  kind  mark  a  higher  grade  of 
metamorphism,  in  which  the  basalts  may  almost  lose  all  semblance 
to  the  appearance  of  their  unaltered  representatives.  This  most 
extreme  stage  of  metamorphism,  involving  complete  reconstitution 
of  the  rocks,  is  found  in  some  of  the  basaltic  lavas  in  contact 
with  the  gabbros  and  poridotites  on  the  western  and  south-western 
fringe  of  the  Cuillins.  A  good  locality  for  studying  the  efiects 
is  near  a  little  tarn  to  the  N.B.  of  An  Sgilman,  not  far  from  the 
boundary  of  the  gabbro.  Here  are  dark-grey  finely  crystalline 
rocks  with  amygdules  often  indicated  by  small  lighter  ovoid 
patches  or  light  rings  with  a  dark  interior.  A  thin  slice  [8731] 
shows  that  the  component  minerals,  olivine,  magnetite,  augite, 
and  felspar,  with  the  possible  exception  of  the  first,  are  all  new- 
built.  The  micro-structure  is  precisely  that  of  the  rocks  termed 
pyroxene-granulites*  by  the  German  petrographers.  The  augite 
forms  rounded  granules,  and  the  magnetite,  though  sometimes 
with  an  indication  of  the  octahedral  form,  is  also  rounded  (see 
Plate  XVIII.,  Fig  1).  Olivine  is  abundant,  though  not  evenly 
distributed.  The  felspar  (labradorite),  with  albite  and  carlsbad 
twinning,  is  moulded  upon  all  the  other  minerals,  and  shows  little 
crystal-outline    of  its  own.     The  minerals  composing  the  meta- 

♦  Not  the  **  granulitic  "  structure  of  Judd. 
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morphosed  amygdules  are  simply  augite  and  felspar,  the  olivine 
and  magnetite  not  entering,  though  grains  of  these  may  trench 
on  the  margin.  There  is  a  border  of  augite  grains  enclosing  an 
aggregate  of  felspar,  and  sometimes  (as  in  the  figure)  an  inner 
ring  of  augite  concentric  with  the  other.  This  augite,  and  less 
clearly  that  in  the  body  of  the  rock,  has  a  faint  reddish  tint  in 
the  slice,  with  slight  pleochroism.  In  this  as  in  many  other 
points  the  rock  recalls  the  pyroxene-granulites*  of  Saxony,  and 
there  is  a  resemblance,  possibly  suggestive,  between  the  highly 
altered  amygdules  and  some  of  the  curious  eye-like  structures 
found  in  the  latter  rocks.  The  amygdules  doubtless  consisted 
before  metamorphism  of  a  lime-soda-zeolite  with  an  outer  layer  of 
some  chloritic  mineral  and  sometimes  a  second  layer  of  the  same. 
The  zeolite  has  given  rise  to  a  felspar,  as  in  the  other  occurrences 
noted  above,  while  the  chloritic  mineral  has,  in  these  most  highly 
metamorphosed  lavas,  been  transformed,  not  into  hornblende,  but 
into  augite.  Further,  there  is  in  this  extreme  grade  of  meta- 
morphism no  uralitisation  of  the  augite  in  the  body  of  the  rock, 
but  only  recrystallisation. 

In  specimens  of  such  a  rock  as  this  there  is  nothing  to  suggest 
its  true  nature  and  origin  except  the  amygdules,  which  are  them- 
selves much  disguised,  and  have  lost  something  of  the  sharpness  of 
their  outline.  In  extremely  metamorphosed  basalts  from  other 
localities,  where  the  amygdaloidal  structure  was  wanting,  only 
close  examination  of  the  field-relations  enables  us  to  assign  the 
rocks  to  their  proper  place.  This  is  especially  the  case  where,  as 
we  shall  observe  later,  portions  of  the  basaltic  lavas  have  been, 
quite  locally,  fused  in  contact  with  the  gabbro  magma  and  partially 
incorporated  in  it.  The  most  highly  metamorphosed  examples  are 
sometimes  quite  as  coarse  in  texture  as  many  of  the  larger  dykes 
and  sills  of  dolerite  in  the  district. 

Metamorphism  impai-ts  to  the  basalts  a  quality  of  hardness  and 
durability  which  they  lack  in  other  conditions,  and  it  is  only  in 
this  state  that  they  form  strong  features.  The  summit  of  Glamaig 
is  an  example.  Here,  as  has  been  described  in  another  place,t 
the  rocks  are  highly  magnetised  in  a  manner  which  we  shall  have 
to  note  as  characteristic  much  more  generally  of  the  gabbro  of  the 
mountains  and  the  dolerite  sills  of  the  plateaux. 

In  conclusion,  it  may  be  mentioned  that  the  basaltic  lavas  in 
numerous  isolated  places  have  become  brecdated  as  a  result  of 
crushing.  Usually  these  crushed  basalts  present  the  appearance 
of  a  conglomerate  rather  than  a  breccia,  the  several  fragments 
being  rounded  as  if  they  had  been  rolled  over  and  ground  together. 
Good  examples  are  seen  along  Allt  nam  Meirleach,  a  branch  of  the 
Tungadal  River.     Other  places  where  the  basalt  has  locally  the 

♦  Some  rocks  in  the  neighbourhood  of  Druini  an  Eidhne,  which  are  pro- 
bably xnetamorphosed  lavas  of  this  kind,  have  not  been  separated  on  the  map 
from  the  gabbroe.  They  are  mentioned  under  the  head  of  ''granulitic 
gabbros  "  in  Chap.  \Tn.,  and  their  structure  is  illustrated  in  Fig.  22. 

••^arker,  Proe.  Camh.  PhU.  Soc,  vol.  x.,  pp.  270-272,  PI.  XI. :  1890. 
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appearance  of  a  conglomerate  are — Inver  Meadale;  Goire  nan 
Sagart,  on  the  slope  of  Broc-bheinn ;  and  Allt  a'  Choire  Gaisteach, 
a  tributary  of  the  Vikisgill  Bum.  Some  of  the  sections  suggest 
that  the  breaking  up  of  the  rock  in  this  way  may  have  been 
facilitated  by  a  certain  spheroidal  parting  with  incipient  exfolia- 
tion. The  intrusive  sills  associated  with  the  lavas  are  not  crushed. 
This  must  be  attributed  to  the  superior  rigidity  of  these  rocks,  for 
it  cannot  be  supposed  that  the  brecciation  of  the  lavas  was  earlier 
than  the  intrusion  of  the  sills. 
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CHAPTER  V. 
Rhyolitic  and  Trachytic  Lavas  and  Tuffs. 

Lavas  of  acid  and  sub-acid  composition — rhyolites,  dacites, 
trachytes,  etc. — play  but  a  very  subordinate  part  among  the  British 
Tertiary  volcanic  rocks.  The  "  felstone-lavas,"  to  which  Prof.  Judd 
in  his  first  account  (1874)  assigned  a  prominent  place,  have  since 
been  relegated  by  that  author  (1889,  1890)  mainly  to  the  family  of 
augite-andesites.  Some  of  the  rocks  he  still  retains  as  rhyolites, 
dacites,  and  sanidine-trachytes;  but  from  his  generalised  treatment 
it  is  not  possible  to  be  sure  whether  true  lava-flows  of  acid  and  sub- 
acid composition  are  intended.  Rhyolites,  including  obsidians,  are 
recognised  in  the  Antrim  area,*  even  after  excluding  such  intrusive 
types  as  the  quartz-porphyry  of  Tardree ;  and  it  appears  that  they 
were  poured  out,  though  only  sparingly,  about  the  middle  of  the 
volcanic  period,  i.e.  between  the  lower  and  upper  groups  into  which 
the  basalts  of  the  Irish  district  divide.t  The  pitchstone  of  the 
SgiUrr  of  Eigg  and  Oighsgeir,  regarded  as  a  glassy  lava  of  trachytic 
or  perhaps  dacitic  composition,  is  referred,  on  the  other  hand,  to  a 
much  later  epoch,}:  and  perhaps  some  of  the  rocks  of  Ardnamurchan, 
described  by  Prof.  Judd,§  also  belong  here.  Sir  A.  Geikie's  "  pale 
group "  of  Beinn  Mdr  in  Mull,ll  which  is  underlain  by  a  great 
thickness  of  basalts,  is  described  as  highly  felspathic,  and  may 
prove  on  closer  examination  to  include  trachytic  or  even  rhyolitic 
lavas  ;  while  the  existence  of  an  older  group  of  trachytes  is  proved 
by  their  occurrence  as  pebbles  in  the  gravel  at  Ardtun  Head  in 
the  same  island.ir 

This  is  but  a  scanty  record  in  comparison  with  the  vast  out- 
pouring of  basic  lavas  belonging  to  the  same  great  suit^  of  erup- 
tions, and  our  investigations  in  Skye  serve  further  to  emphasise 
this  enormous  preponderance  of  basic  over  acid  material  among 
the  British  Tertiary  volcanic  rocks.  In  one  small  area  only,  situ- 
ated on  the  northern  border  of  the  Cuillins,  has  a  group  of 
rhyolitic  and  trachytic  rocks  been  discovered.  These  rocks  form 
much  of  the  ground  below  Pionn  Choire,  and  extend  for  some  little 
distance  up  Bruach  na  Prithe  at  its  northern  end.     The  area  which 

♦  See  especially  Cole,  Set.  Trans.  Bay.  DM.  Soc,  (2),  voL  vi.,  pp.  77-114  : 
1896. 

tMcHenry,  Oeol.  Mag.,  1895,  pp.  261-264. 

tGeikie,  Quart.  Joum.  Oeol.  Soc.,  vol.  xxviL,  pp.  303-309:  1871  ;  and 
vol.  lu.,  p.  371  :  1896. 

§  Quart,  Jowm.  (hd.  Soc.,  vol  xlvi,  p.  378  :  1890. 

11  Tnifu.  Boy.  Soc.  Edin.,  vol  xxxv.,  p.  93 :  1888. 

if  Cole,  Quart,  Joum.  Oeol.  Soc.,  vol.  xliii.,  p.  277  :  1887. 
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they  occupy  has  a  length  of  a  mile  in  a  W.S.W.-E.N.B.  direction 
and  a  maxipium  width  of  about  ^  mile.  It  is  very  conspicuous  as 
seen  from  the  Sligachan  and  Glen  Brittle  foot-path,  owing  to  the 
bare  surface  of  the  rocks  and  their  pale  colour,  often  with  a  tint  of 
lilac  or  lavender.  No  further  extension  of  this  group  of  rocks  has 
been  detected,  excepting  at  one  or  two  places  about  1 J  to  If  mile 
to  the  south-west,  and  within  the  gabbro  tract.  Here  a  few  relics  of 
laminated  rhyolite  and  acid  breccia  are  preserved.  Associated  with 
these  are  some  strips  of  a  biotite-bearing  felsite  (not  a  lava) 
to  be  referred  to  again  below.  The  locality  is  on  the  slopes  of 
Sgtlrr  Thuilm. 

Three  divisions  of  the  group  may  be  recognised  for  convenience 
of  description;  the  first  and  lowest  consisting  chiefly  of  trachytic 
lavas,  the  second  of  rhyolitic  tufis  and  breccias,  and  the  third  of 
rhyolitic  lavas.  The  strike  is  on  the  whole  east  and  west,  being 
more  E.S.E.-W.N.W.  at  the  eastern  end  and  E.N.E.-W.S.W.  at 
the  western;  and  the  general  dip  is  southerly,  though  variable  in 
direction  as  well  as  in  amount.  Most  of  the  northern,  or  rather 
N.N.W.,  border  of  the  area  is  a  feult,  throwing  down  to  the 
south,  against  which  the  lower  members  of  the  group  are  obliquely 
cut  ofiF ;  and  in  some  parts,  especially  to  the  north  of  Tobar  nan 
Uaislean,  the  rocks  are  invaded  by  numerous  tongues  of  gabbro. 
These  accidents  partly  obscure,  but  do  not  conceal,  the  real  extent 
of  the  group  and  its  relations  to  the  basalts,  which  are  of  a  remark- 
able kind. 

Owing  partly  to  the  arrangement  described,  the  lowest  or 
trachytic  division  is  found  only  in  the  eastern  part  of  the  area. 
Here  it  is  clearly  underlain  by  amygdaloidal  basalts.  Further,  the 
several  members  of  the  division  die  out  eastward,  dove-tailing  with 
flows  of  amygdaloidal  basalt  which  die  out  westward;  thus  making 
it  clear  that  the  trachytic  and  associated  rocks  are  contemporaneous 
with  that  portion  of  the  basaltic  group  exposed  immediately  to  the 
east  (Fig.  9).  Again,  they  are  surmounted  in  Meall  Odhar  by 
more  massive  basaltic  rocks,  much  invaded  and  metamorphosed 
by  gabbro  above,  these  basalts  being  apparently  on  the  same 
horizon  as  the  rhyolitic  rocks  seen  farther  west.  The  trachytes, 
etc.,  either  die  out  westward  before  reaching  the  boundary  fault,  or 
are  cut  off*  by  a  parallel  fault  a  little  north  of  the  main  one,  for  in 
this  place  we  find  rhyolitic  tufis  on  the  line  of  strike  of  the  trachytic 
lavas.  On  the  former  alternative,  which  seems  the  more  probable 
on  the  ground,  it  would  appear  that,  although  the  acid  fragmental 
rocks  are  in  the  main  newer  than  the  lavas  mentioned,  they  are  in 
part  contemporaneous ;  and  this  supposition  is  perhaps  strengthened 
by  the  occurrence  of  two  or  three  thin  bands  of  rhyolitic  breccia 
and  tufi*  interstratified  with  the  trachytes.  It  is  possible  that  a 
similar  relation  holds  between  the  middle  (firagmental)  division  and 
the  upper  (rhyolitic  lavas),  but  the  irregularities  of  dip  and  strike 
and  the  want  of  exposures  in  critical  places  leave  this  point  in 
doubt.  It  is  at  least  certain  that  both  the  lower  and  the  middle 
division  die  out  rapidly  towards  the  west,  for  beyond  Allt  Mdr  an 
Fhinn  Choire  the  rhyolitic  lavas  rest  with  unbroken  junction  upon 
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amygdaloidal  basalts.  The  rhyolites  themselves,  with  certain 
agglomeratic  beds  mainly  of  acid  material  which  form  the  summit 
of  the  group,  die  out  on  the  western  face  of  Bruach  na  Frithe, 
dovetailing,  as  before  described  for  the  trachytes,  ^vith  .amyg- 
daloidal basalts  (Fig.  9);  while  metamorphosed  basalts  like  those 
of  Meall  Odhar  overlie  the  group  again  about  Tobar  nan  Uais- 
lean  and  upward. 

It  thus  appears  that  the  stratigraphical  position  of  all  these 
rocks  is  in  the  midst  of  the  basalt  series^  a  considerable  thick- 
ness of  the  basic  lavas  occurring  both  below  and  above.  In 
this  we  seem  to  trace  both  an  analogy  and  a  contrast  with 
the  corresponding  succession  in  the  Irish  area.  We  have 
already  remarked  that  in  Antrim  the  basalts  fall  into  two 
divisions,  which  must  have  been  separated  by  a  very  considerable 
interval  of  time ;  and,  according  to  Mr  McHenry,  the  acid  lavas 
and  breccias  belong  to  this  interval  between  the  Lower  and  the 
Upper  Basalts.  In  Skye  the  basic  lavas  present  practically  an 
unbroken  succession,  and  there  is  no  direct  proof  to  show  that  they 
represent  both  divisions  of  the  Antrim  basalts.     If,  however,  we 
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Fig.  9. — Diagrammatic  representation  of  the  relations  of  the  trachytic  and 
rhyolitic  rocks  to  one  another  and  to  the  basalts.  The  figure  is  an 
ideal  general  section  of  the  group,  not  drawn  to  true  scale. 

may  correlate  the  acid  volcanic  rocks  of  Skye  with  those  of  Antrim, 
we  obtain  the  missing  evidence  on  this  question.  It  then  appears 
that  our  basaltic  lavas  are  the  equivalents  of  both  the  Lower  and 
the  Upper  Basalts  of  Ireland;  but  in  our  area  there  was  no  pause 
between  the  two,  and  they  cannot  be  separated  except  in  the 
very  limited  district  where  the  trachytic  and  rhyolitic  rocks  inter- 
pose to  mark  the  division. 

The  jSeld-relations,  as  described  above  and  illustrated  diagram- 
matically  in  Fig.  9,  prove  firstly  that  this  group  of  rocks  is  of 
extremely  local  distribution,  and  is  contemporary  with  a  part  of  the 
basaltic  lavas ;  and  secondly  that  the  centre  of  eruption  gradually 
shifted  westward  or  south-^cestward,  so  that  the  successive  divisions 
of  the  group  overlap  one  another  in  that  direction,  and  are  in  turn 
overlapped  by  the  massive  basalts  of  Meall  Odhar  and  Bruach  na 
Frithe.  Incidentally  the  manner  of  occurrence  of  these  trachytic 
and  rhyolitic  rocks  throws  light  upon  the  nature  of  the  great 
accumulation  of  basaltic  lavas,  which  is  here  revealed  as  an  aggre- 
gate of  comparatively  thin  flows,  each  of  small  extent  and  rapidly 
wedging  out. 
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The  &ct  that  the  volcanic  rocks  of  acid  and  sub-acid  composition 
consist  to  the  extent  of  fully  one-half  of  tuffs  and  breccias  suggests 
that,  unlike  the  basalts,  they  were  ejected  &om  a  true  vol^nic 
vent,  or  from  vents  belonging  to  a  definite  volcanic  centre;  and  the 
limited  distribution  of  the  rocks  is  quite  in  accord  with  this  suppo- 
sition. It  is  also  worthy  of  note  in  this  connection  that  there  are 
no  acid  or  sub-acid  dykes  in  the  vicinity,  and  indeed  none  in  the 
district  which  can  be  referred  to  this  early  epoch.  Activity  must 
have  been  prolonged  at  this  centre  for  a  considerable  time,  for  the 
total  thickness  of  rocks  seen  is  not  less  than  2000  feet. 

Turning  to  the  petrographical  characters  of  the  rocks,  we  take 
first  the  trachyte,  which  forms  the  bulk  of  the  lowest  division  of  the 
group,  and  is  seen  in  the  eastern  part  of  the  area,  viz.  N.  and  N.W. 
of  Meall  Odhar.  It  is  a  rock  of  uniform  appearance,  light  grey  in 
colour,  and  of  very  fine  texture,  presenting  little  of  a  crystalline 
aspect  to  the  eye.  It  contains  flattened  green  and  greenish  yellow 
amygdules  (chloritic  and  epidotic)  and  some  smaller  ones  of  quartz, 
and  has  evidently  sufiered  somewhat  from  secondary  changes.  A 
fairly  fresh  specimen  gave  the  specific  gravity  2*53.  A  slice  [9260] 
shows  this  rock  to  consist  essentially  of  minute  crystals  of  ortho- 
clase,  mostly  less  than  yg'tnr  ^^^^  ^^  length,  closely  packed  with  a 
fiuxional  arrangement.  Minute  octahedra  of  magnetite  are  also 
found  in  subordinate  quantity.  In  this  ground-mass  are  enclosed, 
quite  sparingly,  decayed  flakes  of  biotite  and  other  pseudomorphs 
which  by  their  form  suggest  augite.  The  secondary  products,  in 
addition  to  the  quartz  in  the  vesicles,  are  disseminated  chloritic 
matter  and  granular  epidote.  Another  specimen,  taken  at  a  rather 
higher  horizon,  has  rather  more  of  the  mica,  though  this  is  still  a 
very  subordinate  element.  It  appears,  to  the  eye,  as  little  black 
specks  with  a  parallel  disposition;  and  a  slice  [7839]  shows  that 
these  are  flakes  of  biotite  which  have  been  altered  by  the  so-called 
"resorption"  and  subsequently  chloritised.  There  are  also  in  this 
specimen  a  few  scattered  alkali-felspars,  up  to  -j^^  inch  in  diameter, 
embedded  in  the  fine-textured  trachytic  ground-mass. 

Intercalated  in  the  trachjrtic  division  are  four  fiows  of  a  porphy- 
ritic  andesiU,  a  rock  of  very  striking  appearance  owing  to  the 
presence  of  abundant  large  felspars,  sometimes  as  much  as  two 
inches  long.  The  specific  gravity  of  the  rock  is  272.  The  ande- 
sites  stand  out  a  little  in  relief  from  the  trachytic  lavas,  and  the 
second  and  thickest  flow  makes  a  conspicuous  small  escarpment  at 
the  foot  of  Meall  Odhar.  Immediately  beneath  it  is  a  thin  band  of 
a  curious  volcanic  agghmerate,  mainly  of  gabbro  material.  This 
has  in  the  field  the  appearance  of  a  crystalline  rock,  but  is  seen  to 
enclose  fragments  of  gabbro  up  to  several  inches  in  diameter.  In 
a  slice  [7840]  the  principal  elements  are  seen  to  be  shattered 
crystals  of  labradorite,  doubtless  derived  from  a  gabbro,  with  a  few 
alkali-felspars,  probably  frx)m  a  granite:  there  are  also  chloritic  and 
serpentinous  substances  replacing  destroyed  augite. 

The  acid  fragmental  accumulations,  which  occur  principally  in 
the  middle  division  of  the  group,  consist  essentially  of  rhyolitic 
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material.  They  are  in  general  rhyolite-iuffs  of  fine  texture  enclosing 
scattered  larger  fragments,  though  in  some  beds  the  coarser  material 
is  in  such  quantity  as  to  warrant  the  term  rhyolite-hreccia.  The 
breccias  are  well  seen  along  a  strip  adjoining  the  northern  border 
of  the  area,  between  AUt  an  Fhionn-choire  and  the  next  bum  to 
the  west.  There  are  also  two  lenticular  accimiulations  of  breccia 
in  the  upper  part  of  the  succeeding  division  of  rhyolitic  lavas:  one 
of  these  is  on  the  spur  of  Bruach  na  Frithe  marked  by  an  Ordnance 
Survey  cairn  (1681*5  ft.),  and  the  other  occurs  a  little  higher  up, 
running  for  some  distance  along  the  western  flank  of  the  mountain. 
It  is  to  be  noticed  that  the  rhyolitic  tufis  and  breccias,  as  well  as 
the  rhyolitic  lavas,  are,  to  a  much  greater  extent  than  the  lower 
division  of  the  group,  invaded  by  offshoots  from  the  gabbro  of  the 
Cuillins,  chiefly  in  the  form  of  tongues  and  wedges  which  tend 
to  follow  the  bedding  of  the  volcanic  rocks.  K  these  latter  have 
suffered  in  consequence  any  considerable  thermal  metamorphism, 
the  effects  of  this  are  masked  by  other  secondary  changes.  What 
is  seen  in  other  regions  would  lead  us  to  anticipate  much  less 
mineralogical  transformation  from  the  influence  of  heat  in  these 
acid  rocks  than  in  the  basalts.  The  whole  group  is  traversed  too  by 
the  same  N.N.W.  basic  dykes  which  intersect  also  the  basalts  and 
the  gabbro,  and  there  are  inclined  intrusive  sheets  (not  sills)  of 
basic  rocks  in  addition. 

The  acid  pyroclastic  rocks  show  little  variety  except  as  regards 
the  varying  proportion  of  larger  fragments  which  they  contain. 
The  finely-divided  matrix  is  always  of  pale  colour,  either  white  or 
light  greenish  from  disseminated  chloritic  matter.  In  it  are 
little  chips  and  broken  crystals  of  felspar,  besides  rock-fragments. 
These  latter  are  angular,  sub-angular,  or  rounded,  and  mostly  less 
than  an  inch  in  diameter,  though  larger  in  some  beds.  The 
majority  are  of  rhyolite;  some  seem  to  be  of  trachyte;  while  darker 
fragments,  more  conspicuous  though  less  abundant,  are  of  a  micro- 
litic  andesite  and  a  vesicular  basalt,  stained  a  deep  brown  colour 
and  recalling  palagonite  [7837,  7838]. 

The  rhyolites  constitute,  as  has  been  said,  the  uppermost  of 
the  three  divisions  of  the  group,  and  make  up  about  a  half  of 
the  total  thickness.  The  breccias  towards  the  summit,  already 
mentioned,  indicate  some  recurrence  of  explosive  eruptions  towards 
the  close  of  the  rhyolitic  phase.  The  most  extensive  exposures  of 
the  acid  lavas  occur  in  the  neighbourhood  of  Allt  Mdr  an 
Fhinn-choire,  the  burn  coming  down  from  the  fine  group  of  springs 
named  Tobar  nan  Uaislean;  but  here,  and  generally  throughout 
the  area,  these  rocks  are  greatly  altered  by  secondary  changes. 
Better  specimens,  which  may  be  taken  as  representing  fairly  closely 
the  unaltered  condition  of  the  rocks,  are  to  be  found  in  the  little 
isolated  patches  associated  with  the  biotite-felsite  and  gabbro  on 
the  south-western  slope  of  Sgtirr  Thuilm. 

The  prevalent  type*  appears  in  hand-specimens  as  a  compact- 

*A  preliminary  account  of  these  rocks  was  published  in  the  Summary' of 
Progress  for  18d7,  pp.  131-135,  and  is  here  reproduced  with  some  modifica- 
tions and  additions. 
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looking  rock  of  light  grey  to  pale  lavender  colour.  A  specific 
gravity  determination  on  an  average  specimen  gave  2*596.  Though 
there  is  no  conspicuous  porphyritic  structure,  a  few  small  scattered 
crystals  of  felspar  are  visible,  which  are  found  to  be  orthoclase,  turbid 
from  incipient  decomposition.  A  strongly  marked  flow-structure, 
exaggerated  by  secondary  mineralogical  changes,  imparts  a 
laminated  appearance  and  often  a  highly  fissile  structure.  This 
lamination  is  shown  by  alternating  narrow  bands  of  lighter  and 
darker  grey,  with  fine  lines  of  a  dark  green  colour  and  slender 
strings  of  quartz.  In  thin  slices  [7830-7836]  it  is  seen  that  these 
bands  correspond  with  slight  difierences  in  the  nature  of  the  general 
ground-mass  of  the  rock ;  differences  partly  original,  but  partly 
due  to,  or  accentuated  by,  secondary  changes.  The  texture  is  in 
general  very  fine ;  in  some  bands  of  rather  confused  appearance, 
though  evidently  a  felspar-quartz  aggregate;  in  others  more 
definite,  with  many  minute  felspars  set  parallel  to  the  direction  of 
flow.  The  ferro-magnesian  element  of  the  rock  has  been  quite 
subordinate,  and  is  in  no  case  preserved  unaltered.  The  least 
changed  specimens  show  under  the  microscope  small  yellow-green 
chloritised  prisms,  representing  destroyed  augite,  and  more  rarely 
a  flake  of  altered  biotite.  Of  iron-ore  minerals  there  are  minute 
cubes  of  pyrites,  usually  converted  to  limonite,  and  sometimes 
grains  of  magnetite.  In  many  specimens  both  augite  and  iron-ore 
have  disappeared,  and  there  is  only  chloritic  or  ferruginous  matter 
disseminated  through  the  rock  or  tending  to  collect  in  cloudy 
patches.  It  is  interesting  to  note  that,  in  those  specimens  which 
contain  most  of  the  pseudomorphs  after  augite,  there  are  rather 
abundant  little  prisms  of  apatite,  associated  with  the  ferro- 
magnesian  mineral  and  the  magnetite. 

Specimens  from  different  horizons  on  the  hill-side  east  of  Allt 
M6r  an  Phinn-choire  show  no  noticeable  variations  excepting  such 
as  are  due  to  the  varying  advance  of  secondary  changes,  indicated 
especially  by  the  development  of  quartz.  In  slices  of  the  less 
altered  examples  the  lighter  bands  are  seen  to  be  rich  in  this 
mineral,  which  tends  to  form  a  mosaic,  and  in  this  kind  of 
occurrence  is  doubtless  of  secondary  origin.  The  distinct  strings 
of  quartz,  already  mentioned  as  visible  in  hand  specimens,  are  not 
essentially  different.  They  sometimes  swell  into  little  lenticles, 
and  it  is  clear  that  they  are  not  merely  veins  filling  fissures,  but 
replace  portions  of  the  ground-mass.  The  little  pseudomorphs 
supposed  to  represent  augite,  as  well  as  the  small  crystals  of  pyrites, 
are  sometimes  embedded  in  the  clear  quartz -mosaic.  Other 
specimens  illustrate  what  may  be  regarded  as  a  further  stage,  the 
little  strings  of  quartz  passing  in  places  into  knots  up  to  half  an 
inch  in  diameter,  while  locally  there  occur  nodules  of  quartz  up  to 
an  inch  or  more.  In  the  examples  which  have  suffered  most 
alteration  we  find  not  only  these  knots  or  nodules  of  quartz  but  also 
druses,  often  an  inch  or  two  inches  in  diameter,  and  of  irregular 
shape.  These  are  lined  with  quartz  crystals  in  the  form  of  the 
hexagonal  prism  with  pyramid  termination,  coated  with  a  yellow 
ferruginous  skin.    The  flow-lines  of  the  rhyolite  tend  to  wind  round 
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these  drusy  cavities,  but  are  sometimes  cut  ofiF  by  the  larger  ones, 
the  appearances  indicating  that  there  has  been  an  original  cavity, 
but  that  it  has  been  in  some  degree  extended  in  connection  with 
the  process  by  which  the  new  quartz  was  produced.  The  rocks  in 
some  places  give  evidence  of  a  certain  amount  of  crushing,  and  are 
indeed  locally  brecciated,  this  mechanical  modification  being  clearly 
posterior  to  the  chemical  alteration  which  gave  rise  to  the  fine 
strings,  knots,  and  druses  of  quartz. 

The  degree  to  which  these  lavas  have  been  altered  by  replace- 
ment by  secondary  quartz — for  which  we  must  postulate  in  part 
an  extraneous  origin — leaves  the  true  nature  of  the  rocks,  taken  by 
themselves,  a  question  of  some  obscurity.  Having  regard,  however, 
to  their  general  characters,  and  especially  to  the  paucity  of 
porphyritic  elements,  the  strongly  marked  fluxion-structure,  and 
certain  peculiarities  in  some  bands  which  suggest  a  devitrified  glass, 
the  affinities  of  these  lavas  seem  to  be  very  decidedly  with  the 
rhyolites.  This  conclusion  is  placed  beyond  doubt  by  an  examina- 
tion of  the  fresh  examples  preserved  under  exceptional  conditions. 

Like  the  Icelandic  rhyolites,  which  they  resemble  in  many 
respects,  these  Skye  rocks  show  in  general  no  tendency  to  spherulitic 
structures.  If  microspherulitic  varieties  are  represented,  their 
distinctive  characters  have  been  obliterated  by  secondary  processes. 
At  one  place,  however,  quite  at  the  base,  or  more  accurately  in  the 
highest  part  of  the  underlying  pyroclastic  division,  there  is  a  thin 
flow  of  rhyolite  composed  in  great  part  of  large  spherulites.  This 
is  exposed  in  the  little  ravine  of  AUt  an  Fhionn-choire.  As  is  usual 
in  these  coarsely  spherulitic  rocks,  the  structure  is  obscured  by 
later  changes,  and  there  is  indeed  a  close  resemblance  to  certain 
** nodular"  rhyolites  of  Lower  Palaeozoic  age  in  North  Wales  and 
Westmorland.  Again,  at  a  place  a  little  east  of  Allt  Mdr  an  Fhinn- 
choire  the  rhyolite  at  the  base  of  the  division  shows  what  is 
possibly  a  spherulitic  structure  on  a  smaller  scale ;  but  this  is  too 
much  affected  by  secondary  changes  to  be  made  out  clearly  under 
the  microscope. 

In  conclusion  we  have  to  notice  the  intrusive  biotite-feUite, 
already  mentioned,  on  the  slopes  of  Sgdrr  Thuilm.  It  occurs  in 
several  detached  but  neighbouring  outcrops  along  a  strip  about 
1^  mile  long,  which  are  surrounded  by  gabbro.  The  exposures  are 
not  good  enough  to  show  clearly  whether  the  gabbro  has  broken 
up  and  enveloped  an  earlier  mass  of  felsite,  or  has  been  penetrated 
by  intrusions  of  a  later  felsite ;  but  the  shape  of  the  outcrops,  so 
far  as  it  can  be  determined,  rather  suggests  the  former  interpreta- 
tion. It  is  also  worthy  of  remark  that  the  gabbro  is  not  traversed 
by  any  dykes  or  veins  of  acid  rock,  which  might  be  apophyses 
from  a  later  intrusion.  It  is  therefore  possible,  and  not  improbable, 
that  we  have  here  the  relics  of  an  intrusive  mass  of  acid  rock  older 
than  the  gabbro  of  the  Cuillins,  and  so  belonging  to  some  part  of 
the  stage  of  volcanic  eruptions.  This  suggests  a  possible  connec- 
tion between  the  felsite  and  the  rhyolitic  rocks  of  Fionn  Choire 
and  Bruach  na  Frithe,  only  about  a  mile  distant.     Such  suggestion 
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is  strengthened  by  the  occurrence,  at  one  or  two  places  among  the 
felsite,  of  volcanic  rocks  allied  to  those  described  from  Fionn 
Ohoire.  At  one  spot  is  found  a  laminated  rhyolite  and  at  another 
spot  a  small  patch  of  rhyolitic  breccia.  Their  relations  to  the 
felsite  are  not  clearly  exhibited,  but  they  are  presumably  enveloped 
in  it. 

The  petrographical  characters  of  the  felsite  of  Sgtlrr  Thuilm  are 
consistent  with  the  idea  that  it  is  genetically  related  to  the 
rhyolites.  It  is  a  dull,  compact,  light  grey  rock,  enclosing 
numerous  little  yellowish  felspars  and  some  bronzy  flakes  of  mica, 
sometimes  as  much  as  i  inch  in  diameter.  The  porphyritic 
felspars,  which  embrace  orthoclase  and  oligoclase,  have  more  or 
less  rounded  outlines,  and  are  usually  very  turbid.  The  mica  is 
considerably  altered,  sometimes  completely  bleached,  sometimes 
chloritised.  There  are  also  grains  of  magnetite  and  prisms  of 
apatite,  the  latter  penetrating  both  mica  and  iron-ore.  These 
various  minerals  tend  to  occur  in  groups  or  patches.  The  ground- 
mass  is  of  a  common  "felsitic"  type,  very  fine-textured,  but  not 
cryptociystalline :  the  felspathic  element  is  partly  in  the  form  of 
minute  prisms  [8195,  8196.] 

It  is  possible,  and  perhaps  probable,  that  this  rock  represents 
a  volcanic  plug  or  "  neck "  connected  with  the  acid  lavas  and 
tufis,  its  form  and  relations  obscured  by  a  subsequent  invasion 
of  gabbro;  but  the  evidence  does  not  warrant  us  in  insisting 
strongly  upon  this  view.  Apart  from  this,  the  very  limited 
distribution  of  this  highly  interesting  group  of  volcanic  rocks,  and 
the  largely  fragmental  character  of  the  rocks  themselves, 
suflBciently  prove  them  to  be  the  products  of  central  volcanic 
eruptions.  That  these  were  demonstrably  contemporaneous  with 
fissure-eruptions  of  widely  difierent  petrographical  nature  in  the 
immediate  vicinity,  clearly  indicates  that  there  was  no  immediate 
relationship  between  the  two  groups.  During  the  volcanic  phase 
of  activity  at  least,  the  "regional"  and  the  "local"  events 
followed  independent  lines,  and  must  have  been  provoked  by  two 
different  sets  of  causes.     (See  Chapter  XXV.) 
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CHAPTER  VI. 

Pbridotites  (Eablier  Group). 

The  plutonic  phase  of  igneous  activity  in  the  Skye  area  was 
initiated  by  the  intmeion  of  a  magma  of  ultrabasic  compoaition, 
which  consolidated  to  form  rocks  nch  m  olivine  The  intrusion 
assumed  the  laccohtic  habit,  and  was  eSected  at  several  places 
within  what  is  now  the  aoath-westem  part  of  the  Cuillin  Hills, 
and  also  at  one  place  in  the  neighbouring  Isle  of  Soay.  Except 
in  the  last  case,  the  honzon  was  in  the  basaltic  lavas,  and  not  &r 
from  the  base  of  that  group  The  geological  relations  of  the 
peridotite  laccolites  of  the  Cuillina  are,  however,  obscured  in  some 
measure  by  the  gabbro  which,  in  the  form  of  one  great  complex 
laccolite,  builds  the  greater  part  of  this  group  of  mountains  The 
gabbro  magma,  intruded  immediately  after  the  pendotic,  has 
enveloped  and  invaded  the  ultrabasic  rocks  in  a  very  remarkable 
manner.  Some  advantage  of  descnption  might  be  gained  by 
treating  the  gabbros  before  the  pendotites,  but  the  chronological 
order  seems  on  the  whole  to  be  the  moie  convenient 


. — Section  along  the  ^'irr  Duhh  ridge,  showing  the  principal 
laccolitic  maas  of  peridotite  and  a  smaller  one  to  the  eaat,  and  represent- 
iog  di^prammaticall}'  the  partial  deatruction  of  the  peridotite  by  the 
gaobro  magma  in  which  it  became  enveloped. 

The  principal  mass  of  ultrabasic  rocks  is  that  which  we  shall 
designate  the  Sgiirr  Dithh  laccolite.  It  forms  the  whole  ol  the 
western"  peak  of  the  ridge  of  that  name,  known  to  climbers  as 
Sgilrr  Dubh  na  Dabheinn,  and  attains  there  its  greatest  thickness. 
In  the  col  between  this  peak  and  the  higher  one  to  the  east 
(Sgilrr  Dubh  Mhdr)  the  peridotite  mass  passes  nnder  the  gabbro 
of  the  latter  mountain,  the  irregular  snr&ce  of  junction  having  a 
steep    dip    to    N.E.    or    E.N.E.    (Fig.    10).      On   the    Coir'  a' 
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Ghrunnda  side  it  extends  down  into  the  corrie,  the  boundary 
which  corresponds  with  the  under  side  of  the  laccolite  passing 
through  the  middle  of  the  tarn.  The  inclination  here,  judged  by 
the  dip  of  the  flow-banding  in  the  peridotite,  is  much  less,  not 
exceeding  30*^.  From  SgCirr  Dubh  na  Dabheinn  the  outcrop  of  the 
laccolitic  mass  may  be  traced  both  eastward  and  northward, 
though  with  diminished  thickness.  In  the  former  direction  the 
peridotites  form  the  floor  of  An  Garbh-choire,  and  extend  nearly 
as  far  as  to  the  shore  of  Loch  Scavaig.  The  trend  corresponds 
roughly  with  the  line  of  the  valley,  and  the  inclination,  as 
indicated  by  fluxion-banding,  is  to  some  point  of  north,  usually  at 
a  high  angle.  The  thickness  of  the  laccolite,  which  at  its 
maximum  reaches  more  than  1500  feet,  is  here  reduced  to  500 
or  600  feet.  Farther  east,  in  consequence  of  the  form  of  the 
ground  and  the  varying  inclination  of  the  mass,  the  bolt  of  ground 
occupied  by  the  peridotite  expands,  and  extends  for  some  distance 
southward  up  Coire  Beag.  Beyond  this  the  mass  is  so  much 
invaded  and  broken  up  by  gabbro  that  its  continuity  is  lost. 
The  northward  prolongation  of  the  laccolitic  body  from  Sgilrr 
Dubh  na  Dabheinn  crosses  the  col  connecting  the  two  mountains 
known  as  Sgtirr  Mhic  Choinnich  and  Sgdrr  a'  Coir'  an  Lochain, 
and  extends  down  Coireachan  Ruadha  towards  the  head  of  the 
Coruisk  valley.  In  this  latter  part  of  its  course  it  is  deeply  cut 
into  by  the  gabbro  and  divided  into  tongue-like  strips. 
The  whole  outcrop  has  a  roughly  semicircular  form,  extending 
from  Allt  a'  Chaoich,  near  Loch  Scavaig,  to  the  foot  of  Coireachan 
Ruadha,  a  distance  of  three  miles.  The  concave  boundary, 
representing  the  upper  surface  of  the  mass,  is  presented  to  the 
north-east;  the  convex  boundary,  representing  the  lower  surface, 
to  the  south-west.  The  irregular  form  of  the  outcrop  arises  partly 
from  original  departure  from  the  ideal  lenticular  shape  of  a 
laccolite,  partly  from  subsequent  tilting  and  flexure,  but  chiefly 
from  the  partial  destruction  of  the  mass  by  the  later  intrusions  of 
gabbro,  in  which  it  was  completely  involved. 

The  partial  destruction  of  the  peridotite  laccolite  by  the  gabbro 
magma  is  most  marked  along  the  upper  or  concave  side,  and 
especially  towards  the  terminations  eastward  and  northward.  The 
best  place  for  observing  the  phenomena  is  near  the  eastern  end, 
about  Allt  a'  Chaoich  (the  "Mad  Bum")  and  the  stream  immedi- 
ately south  of  it.  Here  the  whole  mass  of  the  peridotite  is  inter- 
sected b)"  offshoots  from  the  neighbouring  gabbro.  These  are  partly 
in  the  form  of  straight  dykes,  partly  a  network  of  irregular  veins; 
and  the  dykes  often  serve  as  the  origin  of  veins,  which  branch  out 
from  them  and  connect  them  (Fig.  11).  In  places  the  gabbro 
within  the  peridotite  area  swells  into  larger  masses,  which  enclose 
detached  blocks  of  peridotite  (Fig.  12).  By  increase  in  the  amount 
of  gabbro  as  compared  with  peridotite,  we  pass  insensibly  from 
peridotite  full  of  ramifying  veins  of  gabbro  to  gabbro  crowded  with 
blocks  of  peridotite,  the  boundary  being  one  which  defies  mapping. 
Outside  the  main  area  of  peridotite  there  are  still  isolated  portions 
of  considerable  size  seen  along  the  side  of  Allt  a'  Chaoich  and  on 
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Fio.  11. — Dykes  or  veins  of  nbbro  traTersing  the  peridotite  group,  in  glen 
south  of  AUt  a.'  Chaoich,  Loch  Scavwg ;  seen  in  ground-pbui. 


a.  12. — Block  of  banded  peridotite,  7  feet  long,  endosed  in  gabbro,  in  c^n 
eouth  of  Allt  a'  Chaoich,  Loch  Scavaig :  seen  in  ground-plan.  The 
«bbro  is  tiaTeraed  b^  numerous  fissurM  radiating  from  the  enclosed 
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the  flanks  of  Meall  na  Cuilce.  Farther  east  and  north  these 
become  more  broken  up,  but  blocks  of  peridotite  several  feet  in 
diameter  are  still  found  embedded  in  the  gabbro  as  far  as  the  shores 
of  Loch  Scavaig  and  Loch  Coruisk  and  even  on  some  of  the  islets 
of  the  latter.  A  similar  destructive  action  of  the  gabbro  upon  the 
peridotite  laccolite,  though  in  a  less  marked  degree,  may  be  seen  in 
Coireachan  Ruadha.  On  the  south-western  or  under  side  of  the 
laccolite  these  extreme  effects  are  not  perceived;  but  the  fact  that 
the  peridotite  is  often  traversed  by  gabbro  veins,  while  the  reverse 
relation  is  never  found,  is  sufficient  to  prove  that  the  gabbro  on 
this  side  also  is  newer  than  the  ultrabasic  rocks. 

As  regards  the  relative  ages  of  the  peridotites  and  the  gabbros, 
it  is  proper  to  observe  that  the  great  gabbro  mass  of  the  Cuillins 
is  the  product  of  a  number  of  successive  intrusions,  and  only  those 
portions  which  come  into  juxtaposition  with  the  peridotite  laccolite 
can  be  positively  proved  to  be  younger  than  it.  The  component 
parts  of  the  gabbro  mass  seem,  however,  to  be  so  intimately  bound 
up  together  that  nothing  less  than  direct  evidence  could  make  it 
reasonable  to  regard  them  as  partly  earlier  and  partly  later  than 
the  very  distinct  intrusion  of  ultrabasic  magma.  For  this  reason 
we  consider  the  peridotites  in  question  to  have  preceded  all  other 
plutonic  intrusions  in  the  district.  To  be  sharply  distinguished 
from  these  oldei'  peridotites  of  plutonic  habit  are  certain  younger 
peridotites,  mostly  in  the  form  of  dykes,  which  belong  to  a  very 
much  later  epoch,  and  will  be  considered  in  a  subsequent  chapter 
(XXII.). 

Besides  the  large  Sgdrr  Dubh  laccolite  already  noticed,  we  refer 
to  the  earlier  or  plutonic  set  of  peridotites  now  under  discussion 
certain  smaller  laccolitic  masses  which  will  now  be  enumerated. 
With  a  single  exception,  they  occur  within,  or  in  one  case  on  the 
actual  edge  of,  the  gabbro  of  the  Cuillins.  One  thin  laccolite  or 
sheet  of  small  dimensions  is  seen  in  the  dip  between  Sgdrr  Dubh 
Mhdr  and  Sgdrr  Dubh  Bheag,  the  lower  peak  to  the  east  (Fig.  10). 
This  SgCirr  Dubh  Bheag  intrusion  is  the  only  one  occurring  at  a 
higher  horizon  (having  regard  to  the  inclination  of  both  peridotites 
and  gabbros)  than  the  large  mass.  It  dips  rather  steeply  to  the 
east  or  north-east.  Another  small  laccolitic  mass,  about  250  feet 
thick  but  rapidly  tapering,  crops  out  along  the  face  of  the  buttress 
from  Sgilrr  na  Banachdich  which  divides  the  upper  part  of  Coire- 
achan Ruadha  into  two  smaller  corries.  Its  rusty  orange  tint, 
contrasting  with  the  darker  gabbro  above  and  below,  makes  it  a 
conspicuous  object  as  seen  from  Coruisk.  A  still  smaller  mass  is 
intersected  by  the  stream  which  drains  the  northerly  branch  of  the 
same  corrie.  There  are  two  small  masses  of  irregular  laccolitic  form 
on  the  southern  slope  of  Gars-bheinn,  at  altitudes  of  about  1500 
and  1000  feet  respectively.  The  lower  of  these,  though  partly 
enveloped  by  gabbro,  rests  upon  the  metamoi*phosed  basaltic  lavas 
below.  Finally,  a  small  mass  of  irregularly  laccolitic  habit  occurs 
at  An  Dubh-sgeire  on  the  east  coast  of  the  Isle  of  Soay,  about  two 
miles  south  of  the  last-mentioned  locality.  This,  the  most  outlying 
intrusion  of  the  group,  occurs  in  the  Torridonian  grits,  and  there- 
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fore  occupies  a  position  below,  but  not  necessarily  much  below,  the 
base  of  the  basalts.  The  distribution  of  these  older  peridotites  is 
shown  on  a  sketch-map  in  a  later  chapter  (Fig.  75). 

These  various  laccolitic  intrusions,  large  and  small,  have  been 
supplied,  like  other  laccolites,  through  fissures,  in  which  the  magma 
finally  consolidated  to  form  dykes.  It  might  be  expected  that  all 
trace  of  these  dykes  would  be  destroyed  by  the  later  invasion  of 
gabbro  magma  which  enveloped  the  whole;  but  this  is  not  always 
the  case.  Portions  of  some  of  the  dykes  are  preserved,  and  in 
more  than  one  case  their  actual  connection  with  the  laccolites 
which  they  fed  is  demonstrated.  These  dykes  are  seen  to  the  east 
and  south  of  Gars-bheinn  in  several  places.  They  have  a  N.N.  W.- 
S.S.E.  direction  and  may  be  traced  for  considerable  distances 
through  the  gabbro  and  the  wedge-like  portions  of  the  basaltic 
lavas  which  here  dove-tail  with  the  gabbro.  In  the  lavas  the  dykes 
are  of  course  continuous ;  in  the  gabbro  they  are  liable  to  be  inter- 
rupted, and  so  occur  in  detached  lengths.  In  places  they  are 
abundantly  veined  by  the  surrounding  gabbro.  They  range  in 
width  up  to  as  much  as  40  or  50 'feet;  but  usually  they  are  less, 
partly  perhaps  in  consequence  of  their  being  attacked  by  the 
gabbro  magma. 

One  place  where  the  actual  connection  of  one  of  these  dykes 
with  the  largest  peridotite  laccolite  may  be  observed  is  in  the  lower 
part  of  Coire  Beag,  on  the  south-eastern  side  of  the  valley.  The 
dyke  can  be  traced  at  intervals  for  nearly  1000  yards  in  a  S.S.E. 
direction  from  this  place.  It  is  doubtless  a  feeder  of  the  large 
mass,  but  it  is  not  to  be  supposed  that  it  is  the  only  one.  Indeed 
there  are  at  least  two  other  places  along  the  southern  boundary  of  the 
laccolite  where  tongues  project  into  the  gabbro,  which  are  probably 
of  a  similar  nature,  though  they  cannot  be  followed  for  more  than 
a  short  distance.  A  more  interesting  case  is  presented  by  the  two 
small  Gars-bheinn  intrusions.  The  lower  of  the  two  is  in  visible 
continuity  with  a  dyke  below,  which  runs  S.S.E. ,  cutting  the 
basaltic  lavas  and  the  underlying  Torridon  Sandstone;  but  the 
mass  is  also  prolonged  upward  into  another  dyke,  having  the  same 
direction  and  nearly  on  the  same  line.  This  latter  dyke  runs  up 
the  hill-side,  with  breaches  of  continuity  where  it  has  been  destroyed 
by  the  gabbro,  and  terminates  at  the  upper  and  smaller  laccolite, 
of  which  it  is  evidently  the  feeder.  It  appears  then  that  we  have 
here  two  laccolitic  intrusions  of  ultrabasic  rock,  at  different  levels, 
supplied  from  the  same  source ;  the  relations  being  still  clearly 
indicated  despite  the  interference  of  the  subsequent  and  much  more 
voluminous  intrusion  of  gabbro. 

To  avoid  possible  confusion,  before  proceeding  to  the  petrograph- 
ical  description  of  these  various  laccolites  and  their  dyke- 
feeders,  we  will  specify  those  younger  ultrabasic  rocks 
which  are  excluded  from  this  place  for  later  consideration.  They 
are,  as  stated,  mostly  dykes,  and  dykes  which  are  not  the  feeders 
of  larger  masses  but  independent  intrusions.  Sill-formed  intrusions 
also  occur,  at  least  in  the  Isle  of  Soay.  In  addition  there  is  an 
abrupt  boss-like  body  of  considerable  size  forming  the  hill  An 
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Sgtiman  on  the  south-western  edge  of  the  gabbro  of  the  Cuillins. 
The  reasons  for  assigning  this  to  the  later  group  of  peridotites 
are  that  it  clearly  breaks  through  the  gabbro,  and  is  connected 
with  dykes  referable  to  the  later  group,  while  its  petrographical 
characters  also  point  to  the  same  conclusion.  Finally  there  are  a 
small  mass  near  the  smnmit  of  Glamaig  and  an  isolated  intrusion 
of  irregular  form,  partaking  of  the  nature  both  of  a  dyke  and  of  a 
sheet,  in  the  Lias  near  Suishnish  Point,  between  Lochs  Slapin 
and  Eishort.  All  these  younger  rocks  will  be  described  in  a 
later  chapter. 

Of  the  rocks  now  under  discussion  we  have  no  chemical  analyses, 
but  it  is  very  evident  without  such  aid  that  they  are  all  of  ultra- 
basic  composition.  We  have  spoken  of  them  collectively  as  peridot- 
ites, using  that  term  in  a  broad  sense.  The  commonest  type  is 
a  picrite,  in  which  augite  and  felspar  are  fairly  well  represented  in 
addition  to  the  dominant  olivine ;  but  there  are  other  varieties  of 
frequent  occurrence,  including  very  typical  peridotites,  in  which 
the  characteristic  mineral  occurs  almost  to  the  exclusion  of  all 
others.  ' 

The  constituent  minerals  of  these  ultrabasic  rocks  are  not  many, 
and  the  various  well-marked  petrographical  types  arise  from 
different  associations  of  these  minerals  or  associations  of  them  in 
different  proportions.  Most  important  of  all  is  olivine,  which  is 
found  in  all  the  rocks,  and,  except  in  the  rare  "  norite,"  is  the 
principal  constituent,  making  up  from  one-half  to  practically  the 
whole  of  the  bulk  in  different  types.  Owing  to  this  abundance  of 
olivine,  which  is  of  a  highly  ferriferous  variety,  all  the  rocks  assume 
on  an  exposed  surface  an  orange  to  reddish-brown  colour  which  at 
once  arrests  the  eye.  When  augite  or  diallage  is  present,  the 
small  lustrous  faces  are  visible  here  and  there  upon  the  rusty 
surface  or  upon  a  fractured  specimen,  where  the  olivine  appears 
as  a  very  dark  or  almost  black  crystalline  aggregate.  In  the  "trocto- 
lites"  the  white  felspar  interrupting  the  rusty  film  on  the  surface  of 
the  rock  gives  it  a  paler  aspect.  The  rocks  are  of  medium  grain 
and  of  extreme  hardness  and  toughness,  giving  a  ringing  metallic 
sound  under  the  hammer.  A  certain  heterogeneity  in  the  compos- 
ition of  the  rocks  on  a  small  scale,  and  the  frequency  of  xeno- 
liths  which  weather  out  more  or  less  freely  than  their  matrix, 
impart  to  exposed  surfaces  of  the  rocks  a  remarkably  rough  and 
often  pitted  character.  Owing  to  this  and  to  the  soundness  and 
toughness  of  the  rocks,  they  lend  themselves  in  an  eminent  degree 
to  climbing,  even  on  very  steep  faces. 

The  olivine  occurs  in  crystals  or  crystals-grains  varying  from  -^ 
to  ^  inch  in  diameter.  They  are  the  earliest  product  of  crystallisa- 
tion, with  the  exception  of  the  spinellids,  and  are  thus  idiomorphic, 
except  when  in  the  form  of  a  granular  aggregate  they  make  up 
almost  the  whole  bulk  of  the  rock.  They  do  not,  however,  usually 
show  good  crystal  outlines.  The  mineral  almost  constantly  con- 
tains inclusions  of  the  type  which  Professor  Judd  has  described, 
viz.  flat  rectangular  cavities  partly  occupied  by  magnetite  in 
branching  or  dendritic  forms.     When  these  are  largest  they  vary 
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from  y^  to  yj-g^  inch  in  length  (cf.  PI.  XXV.,  Fig.  4,  B),  but 
usually  they  are  much  smaller,  and  then  impart  a  peculiar  dusty 
appearance  to  the  thin  slices.  The  little  cavities  are  much  more 
abundant  here  than  in  the  olivine-gabbros  to  be  described  below, 
and  often  the  magnetite  occupies  a  larger  space  in  each 
cavity,  or  almost  fills  it  in  some  instances.  We  may  infer  that  the 
olivine  (including  its  minute  interpositions)  is  in  these  ultrabasic 
rocks  of  a  variety  richer  in  iron  than  that  in  the  gabbros.* 
The  mineral  is  nevertheless  sensibly  without  colour  in  thin 
slices. 

The  aiLgite,  which  always  forms  allotriomorphic  grains  and 
patches,  is  sometimes  colourless,  sometimes  light  brown  with  a 
diallage  structure  (Fig.  14).  In  some  cases  again  it  shows  in  thin 
slices  a  faint  green  tint,  perhaps  due  to  the  presence  of  chromium. 
There  is  then  no  diallage-structure,  but  only  occasional  bands  of 
inclusions,  the  rule  being  apparently  that  the  bands  are  parallel 
to  one  of  the  prismatic  cleavages  and  the  inclusions  themselves  to 
the  other. 

A  rhombic  pyroxene  is  an  occasional  accessory  in  the  true 
peridotites  and  in  some  few  examples  predominates  over  the  mono- 
clinic  species,  while  in  the  exceptional  rock  which  we  shall  refer  to 
as  norite  it  constitutes  fully  one-half  of  the  mass.  Being  sensibly 
colourless  and  without  pleochroism  in  thin  slices,  it  may  perhaps 
be  termed  ensiatite,  but  this  criterion  is  of  doubtful  value  when,  as 
in  this  case,  much  of  the  contained  iron  is  concentrated  in  the  form 
of  minute  **schiller"  inclusions.  The  mineral  occurs  in  idiomorphic 
crystals,  giving  rectangular  sections  ^  to  i^g^  inch  long,  with  a 
marked  schiller-structure  parallel  to  the  macropinacoid.  Inter- 
growths  with  the  monoclinic  pjn'oxone  are  found. 

When  felspar  occurs  in  the  rocks,  it  is  always  anorthite.  Only 
exceptionally  does  it  tend  to  idiomorphism,  with  rectangular 
sections:  usually  it  has  an  interstitial  arrangement.  It  shows 
Carlsbad  and  albite  twinning,  and  less  frequently  a  few  lamellsB 
according  to  the  pericline  law. 

The  minerals  of  the  iron-ore  and  spinel  group,  which  are  never 
wanting  and  sometimes  abundant,  belong  to  more  than  one  variety. 
The  most  common  is  opaque  in  ordinary  thin  slices,  and  forms 
small  octahedral  crystals,  invariably  the  earliest  product  of 
crystallisation  and  usually  enclosed  in  the  olivine.  It  has  the 
appearance  of  magnetite,  and  is  probably  a  chrome-mugneiite  or 
chromite,  but  has  not  been  tested  chemically.  In  some  rocks  we 
find,  accompanying  or  replacing  the  opaque  crystals,  a  translucent 
mineral  of  deep  brown  colour,  usually  in  irregular  grains,  and  this 
we  may  set  down  as  picotite.  At  one  place  such  a  mineral  occure 
in  relatively  large  crystals,  which  have  been  isolated  and  analysed. 
This  is  in  the  banded  dunite  to  be  described  below,  where  the 
picotite  is  found  in  unusual  abundance,  making  in  some  places 
narrow  seams  of  practically  pure  material.  It  forms  here  well- 
shaped  octahedra,  black  and  lustrous,  usually  between  -^  and  -^ 

*  In  olivine  from  a  peridotite  in  the  Isle  of  Rum  Heddle  found  Fe2  08  2-933 
and  FeO  18-703 :  Min.  Mag.  (1884),  voL  v.,  p.  16. 
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inch  in  diameter,  and  is  distinguished  from  either  magnetite  or 
chromite  by  the  fact  that  it  scratches  quartz.  In  thin  slices  it 
becomes  transparent  with  a  strong  brown  or  greenish  brown  colour 
[9229,  etc.],  A  carefully  conducted  analysis  by  Dr  Pollard  gave 
the  result  shown  in  column  I.  There  is  a  fair  correspondence  with 
the  picotite  of  Lake  Lherz  (column  A.),  though  the  Skye  mineral 
is  notably  richer  in  chromium.  The  only  analysed  mineral  from 
the  Western  Isles  which  can  be  quoted  for  comparison  is  from  near 
the  summit  of  Askival  in  the  Isle  of  Rum.  The  analysis  is  by  the 
late  Dr  Heddle,  and  is  confessedly  imperfect,  the  investigation  of 
minerals  of  this  group  presenting  peculiar  difficulties.  The  figures 
(B.)  are,  however,  sufficient  to  show  that  the  mineral  is  rather  a 
chromite  than  a  picotite,  the  alumina  being  much  lower  and  the 
iron  higher  than  in  the  first  column. 
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Spec.  grav.        -    (3-78)       4-08         4-163 

I.  Picotite,  from  seam  in  banded  dunite,  glen  gouth  of  Allt  a* 
Chaoich,  Loch  Scavaig:  anal.  W.  Pollard.  (The  specific 
gi-avity  was  taken  on  a  hand-specimen,  including  a  little 
olivine  and  serpentine,  and  is  therefore  too  low.) 

A.  Picotite,  Ijake  Lherz,  Ari^ge :  anal.  A.  Damour,  BiUl.  see.  g^oL. 

Fra.  (2),  vol.  xix.,  p.  414:  1862. 

B.  Chromite,  seam  in  peridotite  near  summit  of  Askival,  Isle  of  Rum : 

anal.  M.  F.  Heddle,  Tran^.  Roy.  Sue.  Edin  vol.  xxx.,  p.  461 : 
1882.  "  The  iron  is  conjectured  to  be  in  the  ferrous  state." 
I  a.  and  I  b.  Molecular  ratios  from  analysis  I.  These  give  very  closely 
the  formula  RO,  R2O3,  where  RO  stands  for  MgO  and  FeO 
with  a  little  CaO,  NiO,  etc.,  while  R2O3  standsfor  Al^Oj  and 
CrjOg  with  some  Fe203. 

It  seems  probable  that  the  brown  translucent  mineral  in  our 
other  rocks  is  not  essentially  difierent  from  that  analysed,  and  we 
may  name  it  picotite  without  fear  of  error ;  but  the  nature  of  the 
opaque  octahedra  is  not  certainly  determined.  It  must  be  admitted 
that  the  rough  test  of  transparency  or  opacity  in  thin  slices  is  not 
a  very  satisfactory  criterion  ;  but  it  also  appears  that  the  distinction 
between  picotite  and  chromite  is  a  rather  arbitrary  one,  and  has  not 
been  clearly  defined.  It  is  at  least  established  that  some  picotites 
contain  ferric  as  well  as  ferrous  iron,  while  of  the  large  number  of 
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published  analyses  of  chi*omite  (terrestrial)  only  two  do  not  show 
alumina  and  magnesia.*  The  facts  suggest  that  the  spinels  and 
the  magnetites  constitute  not  two  but  one  group  of  isomorphous 
compounds  of  the  general  tjrpe  RO,R203.  If,  as  practical  require- 
ments may  demand,  we  distinguish  two  sub-groups  according  to 
the  predominance  of  alumina  or  ferric  oxide  among  the  sesquioxides, 
the  varieties  rich  in  chromic  oxide  occupy  an  ambiguous  position, 
since  CrjO,  may  be  regarded  as  replacing  either  Al^Oa  or  FejOj. 
This  is  perhaps  an  argument  for  placing  the  highly  chromiferous 
varieties  in  a  third  sub-group  with  some  collective  name.  Here 
would  be  included  most  of  the  minerals  which  have  been  named 
chromite  and  some  of  those  styled  picotite,  e.g.  that  from  the 
original  dunite  of  New  2^1and  with  56*54  per  cent,  of  chromic 
oxide. 

At  a  place  very  near  to  that  which  furnished  the  picotite 
analysed,  the  dunite  contains  instead  another  mineral  of  the  spinel 
group.  Unlike  the  picotite  close  by,  but  like  the  picotite  in  many 
of  our  rocks,  it  forms  grains  of  irregular  shape  with  little  indication 
of  crystal  form.  In  thin  slices  it  is  transparent  with  a  deep  green 
colour,  and  it  may  be  referred  to  pUonaate.  It  makes  up  in  this 
place  from  one-third  to  one-half  of  the  rock,  but  we  have  not 
observed  it  elsewhere. 

The  only  other  constituents  of  the  rocks  are  rare  scraps  of  brown 
hornblende  and  red-brown  bioiUey  found  occasionally  in  close  associ- 
ation with  the  augite.  Sometimes  the  biotite  is  intergrown  with 
diallagic  augite,  its  basal  plane  being  parallel  to  the  orthopinacoid 
of  that  mineral  [9234]. 

The  rocks  consistmg  of  various  associations  of  the  minerals 
enumerated  present  a  considerable  range  of  petrographical 
characters.  As  might  be  anticipated,  they  have  much  in  common 
with  the  peridotites  of  Bum  and  the  Shiant  Isles,  as  described  by 
Prof.  Judd.t 

Coming  to  the  description  of  the  rocks  themselves,  we  may  dis- 
tinguish as  the  principal  types  peridotite  in  the  narrower  sense, 
picrite,  and  troctolite,  and  as  an  exceptional  type  norite. 

Under  the  head  o{  peridotite  in  the  strict  sense  we  include  those 
rocks  in  which  olivine  predominates  very  decisively  over  all  other 
constituents.  Such  rocks  occur  in  considerable  force  in  the  large 
Sgtirr  Dubh  laccolite,  especially  in  the  eastern  part  of  it.  The  type 
dunite,  consisting  wholly  of  olivine  except  for  a  usually  very  sub- 
ordinate proportion  of  a  spinellid  mineral,  is  well  represented. 
Locally,  and  especially  in  the  small  nameless  glen  a  little  south  of 
AUt  a'  Ghaoich,  the  spinellid  mineral  becomes  a  more  prominent 
constituent;  though  it  does  not,  except  in  particular  bands  of  rock, 
equal  in  amount  the  olivine  (Fig.  13).  As  the  little  octahedra  of 
picotite  become  more  numerous,  they  become  transparent  in  the 
thin  slices,  and  this  presumably  indicates  a  more  chromiferous 

♦  Pratt,  Amer,  Joum.  "Set.  (4),  vol.  vii,  p.  284  :  1899.  A  large  number  of 
analyBes  are  collected  by  Wadsworth  in  his  LUhological  Studies  (Cambridge, 
Mass.,  1884). 

t  Quart.  Joum.  Qtot.  Sac.,  voL  xU.,  pp.  354-416,  PI.  X.-XIII. 
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variety  than  the  ubosI  opaque  mineral  In  certain  bands  grsen 
pleonaste  ocxinrs  richly  instead  of  picotite.  Specific  gravity  deter- 
minations of  three  specimens  of  dunites  gave : — 


S3726]  Lower  part  of  Coire  Beag 
9231]  Below  An  Garbh-choire  - 
9229]  Glen  sonth  of  Allt  a'  Chaoich  ■ 


3-21 
3-29 
8-32 


The  last  is  from  a  band  rich  in  picotite.     A  specimen  very  rich  in 
pleonaste,  from  the  same  neighboorhood,  gave  3*435. 

In  the  other  peridotites,  while  the  mineral  which  plays  the  title- 
r6Ie  still  makes  up  considerably  more  than  half  of  the  rock,  it  is 
acompanied  by  augite  or  felspar,  or  both,  in  addition  to  the  nsnal 
small  amount  of  magnetite,  chromiferoua  magnetite,  or  picotite. 
The  augite  is  usually  a  brown  diallage  (Fig  14)     Thefelspar  which 


Fio.  13.— [9228]  X  20.   Dunite,  rich 
in   picotite,  from   the  b&nded 

ridotites  in  the  glen  a  little 
of  AUt  a'  Chaoich,  Loch 
Scavaig:  conaists  wholly  of 
fresh  divine  and  octahedra  of 
{licotite. 


1. 14.— [9234]  X  20.  Peridotite, 
S.E.  slope  of  Sgiin  Dubh  na 
Dabheinn :  chiefly  of  olivine 
(showing  incipientserpentiniBa- 
tion),  with  some  diallage  and 
felspar  (to  the  righQ  and 
opaque  octahedia  probably  of 
chrome-  magnetite. 

is  oflen  quite  as  important  a  constituent,  is  always  anorthite.  Both 
minerals  occur  in  little  interstitial  patches.  These  augite-  or 
diallage-  peridotites  and  anorthite -peridotites  are  connecting  links 
with  the  picritea  and  troctolites,  into  which  they  graduate  by 
diminution  of  the  excessive  proportion  of  olivine.  An  average 
peridotite  from  near  the  mouth  of  Coireachan  Ruadha  gave  the 
specific  gravity  3'26.  An  enstatite-peridotite,  with  only  a  small 
amount  of  diallage,  seems  to  be  of  restricted  occurrence. 

The  jMorife,  which  is  on  the  whole  the  prevalent  type  in  the  large 
laccolite,  and  is  the  essential  rock  of  the  smaller  masses,  difTeifi  fi'om 
the  peridotites  proper  in  having  a  leas  marked  preponderance  of 
olivine,  implying  therefore  a  leas  extreme  basic  composition. 
Olivine  still  makes  up  fully  one-half  of  the  rock,  and  sometimes  as 
much  as  three-fourths,  the  other  principal  minerals  being  augite 
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and  anorthite.  As  regards  structural  characters,  there  is  little 
variety.  The  augite  is  in  interstitial  patches,  or  it  may  form 
spreading  plates,  each  enclosing  numerous  grains  of  olivine,  thus 
giving  the  "  poecilitic  "  structure  of  Williams.  Where  felspar  and 
augite  come  together,  the  former  mineral  is  idiomorphic  towards 
the  latter.  The  specific  gravity  of  these  rocks  ranges  up  to  3*  15, 
but,  with  increase  in  the  proportion  of  felspar  relatively  to  augite, 
may  fall  to  3*00  or  less. 

The  third  chief  type,  composed  essentially  of  olivine  and  anorthite, 
will,  in  default  of  a  more  precise  name,  be  spoken  of  as  troctolUe, 
It  is  to  be  observed,  however,  that  this  term  (with  its  German 
equivalent  Forellenstein)  is  currently  applied  to  two  very  distinct 
rock-types,  which  are  varietal  forms  of  gabbro  and  peridotite 
respectively.  The  one  has  labradorite  as  its  felspathic  element  (e.g. 
Coverack  in  Cornwall  and  Volpersdoif  in  Silesia),  while  the  other, 
besides  being  usually  richer  in  olivine,  has  anorthite  (e.g.  AUival  in 
Rum).  The  former  type  is  found,  though  rarely,  among  the  Skye 
gabbros  ;  but  the  rocks  with  which  we  are  now  concerned,  intimately 
associated  with  true  peridot ites,  belong  to  the  second  type.  The 
felspar,  by  its  optical  properties  as  tested  in  the  thin  slices,  seems 
to  be  always  anorthite.  In  confirmation  of  this.  Prof.  SoUas  has 
kindly  determined  the  specific  gravity  of  the  felspar  from  one  of 
our  troctolites  [9237]  by  means  of  his  difiusion-column.  The  figures 
found  were  2735  to  274,  with  a  mean  of  2  737,  and  cleavage-flakes 
of  specific  gravity  274  gave  extinction-angles  of  36?  and  37°.  The 
rocks  are  always  rich  in  olivine,  and  their  petrographical  as  well  as 
geological  aflBnities  are  clearly  with  the  peridotites,  not  the  gabbros. 

Troctolites  of  this  kind  occur  in  some  force  in  Coire  Beag  and 
near  the  foot  of  An  Garbh-choire,  and  the  same  type  is  rather 
widely  distributed  in  the  form  of  enclosed  patches  and  lumps  in  the 
picrites  and  peridotites  and  also  as  streaks  and  veins  traversing 
those  rocks.  Anorthite  makes  up  from  40  to  60  per  cent,  of  the 
mass,  or  sometimes  less.  The  remainder  is  chiefly  fresh  olivine, 
but  there  may  be  in  addition  augite  or  diallage  in  quite  subordinate 
quantity.  Brown  translucent  picotite  is  sometimes  a  rather  con- 
spicuous element.  The  only  noticeable  variety  among  the  troctolites 
arises  from  a  difierence — more  apparent  than  real — in  the  mutual 
relations  of  the  two  principal  constituents.  In  the  common  type 
the  olivine  forms  crystals  and  grains  tV  ^^  i  ^^^^  ^  diameter,  set 
in  a  framework  of  felspar  [9236,  etc.].  Sometimes,  on  the  other 
hand,  it  is  the  latter  mineral  that  forms  conspicuous  crystal-grains, 
often  with  partly  rounded  outlines,  up  to  ^  inch  in  diameter.  The 
microscope  shows,  however,  that  here  also  the  olivine  is  of  prior 
crystallisation,  for  its  grains  encroach  upon  the  edge  of  the  felspars, 
and  are  occasionally  enclosed  in  them  [9237,  9238].  The  peculiarity 
is  most  striking  on  a  weathered  face,  where  the  felspars,  always  in 
relief,  appear  like  white  spherules  in  a  black  matrix.  Under 
the  microscope  this  appearance  is  lost  (Plate  XVIII.,  Fig.  2).  An 
average  specimen  of  the  troctolites  gave  a  specific  gravity  of  307. 
The  somewhat  similar  rocks  of  AUival  in  the  Isle  of  Rum  are  often 
more  felspathic :  one  of  these  was  found  to  have  a  specific  gravity 
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2*88,  corresponding  with  aboat  72  per  cent,  of  anorthite  to  28  of 
olivine. 

In  addition  to  rocks  consisting  essentially  of  anorthite  and  olivine 
in  fairly  equal  proportion,  we  find  varieties  in  which  olivine  pre- 
ponderates, aflfording  transitions  to  those  peridotites  (in  the  stricter 
sense)  which  we  have  termed  anorthite-peridotites.  On  the  other 
hand  the  coming  in  of  augite  offers  connecting  links  with  the 
picrites.  Such  variations  may  be  found  in  what  is  apparently  a 
single  body  of  rock.  This  seems  to  be  the  case  in  the  laccolite  of 
An  Dubh-sgeire  on  Soay,  from  which  Mr  Clough  has  collected  a 
series  of  specimens.  One  from  near  the  middle  of  the  mass  is  a 
picrite  with  rather  more  felspar  and  less  augite  than  usual  [9973]. 
Abundant  xenoliths  in  this  are  of  troctolite,  composed  simply  of 
olivine  and  felspar  in  about  equal  parts  [9975].  Near  the  southern 
end  of  the  intrusion  the  matrix  of  the  mass,  as  Mr  Clough  remarks, 
nearly  resembles  the  xenoliths  at  the  other  locality.  It  is  indeed 
an  olivine-felspar-rock  with  only  accessory  augite  [9976],  and,  while 
petrographically  a  troctolite,  is  presumably  a  variety  of  the  picrite. 
Again  a  specimen  from  the  east  side  of  the  mass  has  for  its  essential 
minerals  (in  order  of  importance)  olivine,  felspar,  and  augite 
[9990] ;  and  the  preponderance  of  the  first-named  element  brings 
this  rock  near  to  the  typical  peridotites.  This  intrusion,  though  of 
no  great  dimensions,  thus  illustrates  the  variability  characteristic 
of  the  rocks  of  this  group,  as  well  as  the  close  relationship  existing 
between  the  xenoliths  and  their  enclosing  matrix. 

The  remaining  rock-type  to  be  noticed  is  one  which  for  con- 
venience we  have  termed  norite :  but  we  may  make  here  a  remark 
similar  to  that  made  in  the  case  of  the  troctolites.  The  rock  in 
question  is  not  only  closely  connected  with  the  peridotites  as 
forming  part  of  the  Sgilrr  Dubh  laccolite,  but  also  its  mineralogical 
constitution  links  it  with  these  rocks  and  severs  it  from  the  types  of 
norite  or  hypersthenite  which  occur  in  some  regions  (but  rarely  in 
Skye)  as  associates  of  gabbro.  In  short,  rocks  composed  essentially 
of  a  felspar  and  a  rhombic  pyroxene,  like  the  felspar-olivine-rocks, 
seem  to  fall  most  naturally  into  two  divisions,  for  which  it  would 
be  useful  to  have  two  distinct  names.  The  ultrabasic  affinities  of 
our  rock  are  shown  petrographically  by  the  preponderance  of  the 
ferro-magnesian  element,  and  presumable  richness  in  magnesia, 
and  by  the  extreme  basic  nature  of  the  felspar,  implying  the 
absence  of  alkalies.  In  such  a  rock  we  may  regard  the  rhombic 
pyroxene  as  substituted  for  olivine  quite  as  much  as  for  augite. 

This  type  has  been  found  in  one  locality  only,*  on  the  northern 
slope  of  the  prominent  peak  called  by  climbers  Sgdrr  a'  Coir'  an 
Lochain,  which  guards  the  corrie  of  that  name  on  its  western  side. 
It  consists  essentially  of  enstatite  and  anorthite,  the  former  pre- 
ponderating ;  while  olivine  occurs  only  in  subordinate  quantity,  and 
diallage,  magnetite  (or  possibly  chrome-magnetite),  and  picotite  are 
minor  accessories  (Plate  XVIII.,  Fig.  3).  The  rhombic  pyroxene 
is  colourless  in  thin  slices,  and  its  birefringence  weak :  it  must  be 

*  Very  beautiful  rocks  of  this  kind  occur  in  Rum,  occupying  a  considerable 
area  to  the  north  of  Harris. 
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referred  to  enstatite  rather  than  bronzite  or  hypersthene.  The 
crystals,  whidi  are  idiomorphic  towards  the  felspar,  have  a  longi- 
tudinal striation  indicating  something  of  the  " Schiller"  structure, 
but  this  is  not  of  a  very  pronounced  kind.  Parallel  intergrowths 
of  enstatite  and  diallage  are  found. 

Having  noticed  the  petrographical  characters  of  the  principal 
types  met  with,  we  must  devote  some  attention  to  the  fashion  in 
which  these  types,  and  varieties  of  them,  are  associated  together. 
The  most  striking  feature  of  the  outcrops  as  seen  in  the  field  is 
their  heterogeneity,  which  is  carried  to  such  an  extreme  that  in  some 
places  it  is  scarcely  possible  to  take  a  large  hand-specimen  con- 
sisting of  only  a  single  variety  of  rock.  The  heterogeneous  nature 
of  the  mass  is  displayed  chiefly  in  three  ways — viz.,  in  the  inter- 
banding  of  difierent  kinds  of  rock,  in  the  occurrence  of  d6bris  of  one 
kind  enclosed  in  a  matrix  of  another,  and  in  the  abundance  of  veins 
which  are  partly  of  the  nature  of  segregation-veins. 

A  more  or  loss  noticeable  handing  affects  the  greater  part  of  the 
rocks  composing  the  several  laccolitic  masses,  but  it  varies  in  the 
degree  of  its  accentuation  (Plate  II.).  Often  the  alternating  bands 
are  merely  varieties  of  picrite  differing  somewhat  in  the  relative 
proportions  of  the  constituent  minerals.  The  structure  may  in  this 
case  be  almost  imperceptible,  except  where  it  is  revealed  by  a 
fluted  appearance  on  a  weathered  face.  The  several  bands  are  often 
not  more  than  an  inch  or  two  in  width,  and  are  not  very  sharply 
divided  from  one  another.  It  is  quite  clear  that  they  are  not 
separate  injections,  but  that  the  structure  is  due  to  fluxion  in  a 
magma  which  was  heterogeneous  at  the  time  of  its  intrusion. 
Elsewhere  more  pronounced  differences  in  composition  distinguish 
successive  and  alternate  bands,  more  felspathic  and  more  pyroxenic 
types,  both  rich  in  olivine,  occurring  in  intimate  association.  At 
many  places  in  An  Garbh-choire,  in  the  upper  part  of  Coir*  a' 
Ghrunnda,  and  elsewhere,  bands  of  pale  troctolite  are  thus  associ- 
ated with  the  darker  picrite  ;  and  at  other  points,  as  in  the  vicinity 
of  Allt  a'  Chaoich,  more  typical  peridotites,  i.e.  rocks  composed 
mainly  of  olivine,  enter  into  the  complex.  The  alternations  occur 
on  a  rather  large  as  well  as  on  a  small  scale,  so  that  in  their  general 
aspect  on  a  weathered  face  the  exposures  may  simulate  the  bedding 
as  well  as  the  lamination  of  stratified  rocks.  The  narrower  banding 
is  undoubtedly  a  true  flow-structure  of  the  kind  already  indicated. 
It  is  not  impossible,  on  the  other  hand,  that  the  larger  alternations 
are  in  part  to  be  explained  as  distinct  injections.  Apart  from  the 
veins  to  be  noticed  below,  however,  we  have  found  little  or  no 
evidence  of  one  rock-type  cutting  transgressively  into  or  across 
another ;  and  we  infer  that,  in  so  far  as  successive  injections  are 
responsible  for  the  phenomena,  they  followed  one  another  very 
closely,  so  that  the  earlier  one  was  still  fluid  when  the  later  was 
forced  in  beside  it.  Where  an  already  consolidated  rock  was 
invaded  by  a  new  accession  of  molten  magma,  the  former  was  apt 
to  be  broken  up,  and  there  resulted  not  banded  but  brecciated  and 
xenolithic  structures. 
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Among  the  most  interesting  phenomena  of  banding,  and  among 
those  certainly  due  to  segregation  and  fluxion,  not  to  separate 
intrusions,  are  seams  rich  in  minerals  of  the  spinellid  group.  The 
best  example  of  this,  already  referred  to  above,  is  the  dunite  in  the 
small  glen  south  of  Allt  a'  Chaoich.  Here,  along  some  bands  or 
streaks,  picotite  becomes  a  very  prominent  constituent  of  the  rock  ; 
and  certain  black  seams,  following  the  general  direction  of  the 
banding  at  this  locality,  consist  simply  of  picotite  in  relatively  large 
crystals,  with  only  a  very  small  proportion  of  interstitial  olivine. 
These  seams  are  really  elongated  lenticles,  not  being  continued  for 
any  considerable  distance.  They  are  commonly  from  ^  inch  to  1 
inch  thick,  exceptionally  2  or  3  inches.  Seams  very  rich  in  a  black 
mineral,  probably  chromite  or  chrome-magnetite,  occur  in  the  upper 
part  of  An  Garbh-choire  and  near  the  head  of  Coir'  a'  Ghrunnda ; 
but  a  spinellid  mineral  in  an  almost  pure  state  has  been  found  only 
in  the  glen  first  mentioned.  One  of  the  seams  composed  essentially 
of  picotite  (the  mineral  analysed  above)  gave  the  specific  gravity 
378.* 

That  phenomena  of  banding  in  the  Tertiary  peridotites  of  Britain 
are  not  confined  to  Skye,  is  evident  from  the  accounts  which  have 
been  published  of  some  of  these  rocks  in  the  neighbouring  Isle 
of  Rum.  It  appears  even  that  seams  consisting  of  spinellid  minerals 
are  not  wanting  in  the  latter  island.  Heddle  describes  his  chromite 
from  Askival,  already  referred  to,  as  forming  "  a  vein  about  one- 
quarter  of  an  inch  in  thickness,  embedded  in  a  granular  brown  belt 
of  rock,  in  augitic  trap."  He  states  that  the  brown  belt  was 
apparently  chiefly  olivine,  and  doubtless  the  "augitic  trap"  was 
in  reality  a  peridotite,  for  such,  as  remarked  by  Professor  Judd, 
is  the  nature  of  MaccuUoch's  "augite  rock"  in  Eum. 

The  banded  arrangement  of  the  peridotite  group  is  not  often 
accompanied  by  any  very  noticeable  fluxional  orientation  of  the 
crystals  in  the  rocks  themselves ;  but  this  is  sometimes  found,  and 
in  places  near  Allt  a'  Chaoich  a  decided  parallelism  of  the  crystals 
imparts  a  certain  fissile  character  to  the  rocks.  In  the  "  troctolites  " 
of  Rum,  mentioned  above,  this  parallel  orientation  is  sometimes 
much  more  highly  developed. 

The  inclination  of  the  banding  varies  considerably  in  difierent 
places,  as  is  well  seen  in  the  Sgdrr  Dubh  laccolite.  At  the  western 
border  or  base,  as  exposed  near  Loch  Coir'  a'  Ghrunnda,  the  dip  is 
easterly  at  30^  or  less.  Farther  eastward  the  strike  of  the  banding 
gradually  changes,  until  along  An  Garbh-choire  it  is  not  very 
difierent  from  E.-W.  The  dips  here  are  often  at  very  high  angles, 
or  actually  vertical,  but  lower  angles  are  observed  in  some  parts, 
always  towards  some  point  of  north.  In  Coire  Beag  and  near  Allt 
a'  Chaoich  the  banding  dips  northward  at  angles  of  30^  to  60*^. 

*Pro£.  Judd  has  described  an  almost  pure  picotite-rock  (sp.  gr.  3  90),  which 
is  stated  to  occur  as  a  dyke  in  a  mass  of  serpentine  at  Bingera,  in  New  South 
Wales  (Min.  Mag.y  vol.  xi.,  p.  63  :  1895).  This  would  imply  that  a  rock- 
magma  may  exist  with  the  composition  of  picotite.  The  circumstances,  how- 
ever, lead  to  a  suspicion  that  this  '*  dyke  "  may  really  be  a  contemporaneouB 
seam  in  a  peridotite,  since  serpentinised,  and  such  suspicion  is  perhaps 
strengthened  by  the  occurrence  of  another  *^  dyke  "  composed  of  grossularite. 
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Everywhere  the  inclination  of  the  structure  corresponds  in  direction 
with  that  of  the  mass  as  a  whole.  Probably  it  corresponds  approxi- 
mately also  as  regards  the  angle  of  dip,  though  it  is  not  necessary  to 
suppose  an  accurate  parallelism  with  the  base  of  the  laccolite  at 
every  place.*  The  smaller  laccolitic  intrusions  are  much  less  dis- 
turbed than  the  large  one,  and  here  the  banding  has  a  low  and 
regular  inclination.  In  the  two  Gars-bheinn  intrusions  it  dips 
northward  at  about  10^.  The  dyke-feeders  do  not  show  any  note- 
worthy banding. 

Equally  important  with  the  prevalent  banding,  as  impressing  on 
these  plutonic  rocks  of  the  peridotite  group  a  highly  peculiar  aspect 
in  the  field,  is  the  osenolUhicf  structure.  This  affects  the  great 
majority  of  the  rocks,  and  is  found  in  the  dyke-feeders  as  well  as  in 
the  laccolites  themselves.  The  phenomenon  consists  simply  in  the 
occurrence  of  numerous,  and  sometimes  crowded,  inclusions  of  one 
rock  in  a  matrix  of  a  different  rock,  both  inclusions  and  matrix 
being  of  types  belonging  to  the  peridotite  group  in  the  sense  here 
understood.  As  in  the  case  of  the  banding,  the  difference  may  be 
more  or  less  pronounced.  In  some  cases  it  is  slight,  xenoliths  and 
matrix,  e.g.,  being  of  not  very  different  varieties  of  picrite ;  and  the 
heterogeneous  nature  of  the  mass  may  be  betrayed  only  by  the 
curiously  pitted  aspect  of  a  weathered  surface.  In  other  cases  the 
two  rocks  involved  may  differ  widely,  a  common  appearance  on  the 
weathered  exposures  being  that  of  lumps  of  pale  troctolite  standing 
prominently  out  from  a  matrix  of  picrite  or  peridotite.  Troctolite 
and  picrite,  the  latter  often  banded,  are  the  most  frequent  types 
occurring  as  xenoliths.  They  are  of  rounded  to  sub-angular  shape, 
and  commonly  range  in  diameter  from  an  inch  to  a  foot.  A  place 
where  the  phenomena  can  be  studied  in  rich  variety  is  the  lower 
part  of  An  Garbh-choire  (see  Plates  III.  and  IV.). 

Two  explanations  seem  to  be  a  priori  possible.  An  earlier  rock, 
already  consolidated,  may  have  been  broken  up  prior  to,  or  in  con- 
nection with,  the  intrusion  of  a  new  accession  of  magma,  which 
then  penetrated  the  interstices  and  enveloped  the  fragments; 
or  the  xenoliths  may  represent  the  d6bris  of  a  rock  previously 
solidified  at  some  lower  level  and  carried  up  in  the  form  of  frag- 
ments in  a  magma  derived  from  the  same  or  a  neighbouring 
source.  The  fact  that  the  xenoliths  are  usually  much  inferior  in 
bulk  to  the  enclosing  matrix  would  seem  to  point  to  the  latter 
explanation,  as  would  also  the  rounded  form  of  the  xenoliths, 
indicative  of  a  certain  amount  of  corrosion  by  the  magma.  In 
some  cases,  however,  there  are  circumstances  which  are  more  easily 
understood  on  the  former  hypothesis.  The  occurrence  of  strong 
banding  in  the  xenoliths  in  some  places  is  one  such  point ;  for, 
while  this   structure  is   highly   characteristic    of  these  laccolitic 

''^It  will  be  shown  below  that  banding  in  the  gabbro  laccolite  of  the 
Cuillins  may  be  inclined  at  a  considerable  angle  to  the  base  of  the  laccolite 
itself  (see  Fig.  18,  below). 

tThe  term  xenolith  was  first  used  by  Sollas  to  denote  a  fragment  of 
extraneous  origin  enclosed  in  an  igneous  rock.  It  corresponds  with  **  enclave  " 
as  used  by  Lacroix  and  others. 
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intrusions,  it  is  scarcely  to  be  expected  in  rocks  consolidated  in 
some  deep-seated  reservoir.  Again,  although  as  a  rule  the  xenoliths 
show  no  appearance  of  fitting  together  (having  indeed  more  or  less 
rounded  outlines),  and  those  which  exhibit  banding  have  not  a 
common  orientation,  there  are  exceptions  to  this  rule.  In  some  places 
the  xenoliths  more  than  equal  the  matrix  in  bulk,  and,  although  dis- 
placed and  partly  rotated,  they  present  unmistakably  the  appear- 
ance of  a  rock  broken  up  in  place  and  injected  in  the  interstices 
by  a  later  magma  (Plate  IV.).  The  relations  are  indeed  not 
unlike  those  of  the  peridotite  and  gabbro  near  AUt  a'  Chaoich,  as 
described  above  (p.  64). 

The  two  suppositions  which  we  have  stated  as  alternatives  are 
not  mutually  exclusive,  and  the  difierence  between  them  is  perhaps 
less  absolute  than  appears  from  the  terms  in  which  they  are 
enunciated.  If  we  are  at  liberty  to  imascine  that  the  macmia 
which  the  xenoliths  represent  in  a  given  case  was  in  part  intnfded 
as  a  member  of  the  laccolite  and  there  consolidated,  in  part  solidi- 
fied in  the  parent-reservoir  or  in  the  connecting  conduit,  and  that 
the  later  intrusion  was  derived  from  the  same  source,  we  find  place 
for  both  suggested  explanations.  In  any  case  we  must  believe 
that  the  two  rocks  involved  were  of  closely  cognate  origin,  and 
were  divided  by  no  considerable  interval  of  time.  A  high 
temperature  in  the  earlier  consolidated  rock  at  the  time  when  the 
later  magma  came  in  contact  with  it  would  promote  a  certain 
amount  of  solution  and  absorption  of  the  former  by  the  latter,  of 
which  we  have  evidence  in  the  rounded  form  of  the  xenoliths. 

A  feature  less  widely  developed  than  the  banded  and  xenolithic 
structures,  but  still  very  frequently  observed  among  our  peridotites, 
is  the  occurrence  of  segregaiionrveins  traversing  the  dominant  rock 
in  a  given  place.  They  are  commonly  about  an  inch  or  two  in 
width,  with  the  ramifying  and  irregularly  tapering  form  character- 
istic of  such  veins  in  plutonic  rocks  of  all  kinds.  They  have  too 
the  usual  relation  to  the  dominant  rock  as  regards  composition, 
being  invariably  less  basic,  and  in  particular  more  felspathic :  in 
most  places  they  are  of  the  troctolite  type.  In  texture  they  are 
somewhat  coarser  than  the  rock  which  they  traverse.  In  these 
respects  they  compare  with  the  common  pegmatite  veins  in  granites 
and  corresponding  veins  in  other  plutonic  rocks,  usually  regarded 
as  representing  the  final  injection  of  residual  magma,  always  more 
acid  in  composition  than  the  general  body  of  the  rock.  They  are 
to  be  distinguished  from  ordinary  veins  of  intrusion,  with  more 
sharply  defined  edges,  which  are  also  common  in  some  places,  and 
do  not  hold  the  same  relation  to  the  rock  which  they  traverse 
(Plate  IV.). 

In  their  extreme  variability  and  heterogeneity,  in  the  prevalence 
of  banded  structures,  in  the  occurrence  of  seams  rich  in  chrome- 
bearing  minerals,  and  in  other  respects,  touching  both  their  manner 
of  occurrence  and  their  petrographical  characteristics,  our  rocks 
illustrate  many  of  the  observations  of  Vogt*  in  his  study  of  peridot- 

*  Beitrage  zur  genetischen  Classification  der  .  .  .  Erzvorkommen  (first 
part),  Zeits,  fur  prakt.  Geol,  vol.  ii.,  pp.  381-399:  1894. 
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ites  and  of  the  genesis  of  chrome-iron-ores ;  and  the  occurrences 
in  the  Cuillins  present  indeed  a  fairly  close  parallel  to  those  of 
Hestmand5-Feld,  in  the  north  of  Norway,  which  that  geologist  has 
described  as  a  type.  We  shall  see  that  there  are  also  many  points 
of  resemblance  between  the  peridotites  of  the  Cuillins  and  the 
gabbros  of  the  same  district,  to  be  described  next.  These  latter 
show  considerable  heterogeneity  within  a  single  intrusive  body, 
but  it  is  not  so  prevalent,  nor  is  it  carried  to  such  extremes,  as  in 
the  peridotites. 

A  point  of  some  interest  in  connection  with  the  ultrabasic 
intrusions  relates  to  the  nature  of  their  contact  mth  the  rocks  among 
which  they  were  intruded.  The  several  masses  which  occur  in  the 
Cuillins,  enveloped  as  they  are  by  the  later  gabbro,  afford  no  infor- 
mation under  this  head.  The  lower  of  the  small  lacoolites  on  the 
slope  of  Gars-bheinn  does  indeed  seem  to  impinge  at  its  under 
surface  upon  the  basaltic  lavas,  but  no  exposures  of  the  junction 
have  been  observed.  The  intrusion  of  An  Dubh-sgeire  in  Soay, 
however,  occurring  among  Torridonian  sandstones,  presents  in 
places  visible  contacts  with  the  sedimentary  rocks,  and  specimens 
have  been  examined.  In  one  [9974],  taken  from  the  upper  surface, 
near  the  middle  of  the  reef,  the  igneous  rock,  normally  an  average 
picrite,  becomes  fine-textured  at  the  edge,  and  the  dividing  line 
between  it  and  the  metamorphosed  gritty  rock  is  not  sharply  defined 
to  the  eye.  The  modification  of  the  picrite  extends  inward  for 
about  half  an  inch  from  what  may  be  taken  as  the  surface  of 
junction;  and  the  microscope  shows  that  this  modification  is  not  of 
the  nature  of  an  ordinary  chilled  selvage,  but  is  due  to  the  igneous 
rock  having,  to  that  depth,  enclosed  foreign  material,  which  has 
been  also  in  some  measure  absorbed  into  the  ultrabasic  magma 
and  has  so  affected  the  composition  of  the  edge  of  the  laccolite. 
Quartz-grains  are  present  abundantly  in  this  marginal  band,  and 
are  always  deeply  corroded,  as  is  evident  from  their  irregular  shapes 
and  ill-defined  boundaries.  Between  the  derived  grains  of  quartz 
and  the  minerals  proper  to  the  picrite  there  is  always  interposed  a 
brownish  substance  with  confused  structure,  often  imperfectly 
spherulitic,  due  to  mutual  reactions  between  the  ultrabasic  magma 
and  the  foreign  matter  (quartz  with  some  alkali-felspar).  This 
substance  encloses  the  quartz-grains,  and  penetrates  to  some  small 
distance  among  the  olivine,  anorthite,  and  augite  of  the  picrite. 
It  resembles  in  appearance  some  altered  pitchstones,  and  has 
probably  been  in  part  vitreous,  but  later  changes  have  obscured  its 
true  nature.  Plentifully  scattered  through  the  brownish  inter- 
stitial material  are  very  slender  felspar  rods,  about  -j-Jtt  ^^^^  long, 
which  are  not  anorthite  but  some  less  basic  variety.  In  places 
there  are  pseudomorphs  of  a  yellow  serpentinous  substance 
replacing  idiomorphic  crystals  of  relatively  large  size — ^  inch  or 
more  in  length.  They  have  not  the  shape  of  olivine,  but  probably 
represent  a  rhombic  pyroxene.  This  latter  mineral  is  not  one 
proper  to  the  picrite,  and  the  mode  of  occurrence  of  the  pseudo- 
morphs in  the  slice  indicates  that  the  mineral  which  they  replace 
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was  connected  with  the  special  reactions  in  question.  A  mineral 
of  the  hypersthene  group  might  indeed  be  expected  from  a  peridotic 
magma  locally  acidified  by  absorbing  extraneous  silica. 

In  addition  to  the  felspai^microlites,  the  brownish  quasi-vitreous 
areas  enclose  others  in  the  form  of  little  dark  rods,  which  seem  to 
represent  some  ferro-magnesian  mineral  destroyed.  These  are  better 
seen  in  slices  of  other  contact-specimens.  In  these  the  brown 
substance  is  in  places  reduced  in  amount  while  the  enclosed 
crystallitic  growths  become  more  abundant  and  closely  packed. 
They  also  increase  in  size,  being  sometimes  as  much  as  ^  or  ^ 
inch  in  length.  They  are  mostly  slender  felspar  crystals,  tending 
to  fan-like  and  sheaf-like  groupings;  and  their  constantly  low 
extinction-angles  prove  that  they  are  alkali-felspars,  probably  both 
orthoclase  and  oligoclase,  the  alkalies  being  doubtless  derived  from 
the  abundant  felspathic  grains  in  the  contiguous  Torridonian  rock 
[10,042].  With  the  felspar  rods  there  occur  abundantly  others, 
green  and  pleochroic,  which  are  probably  to  be  regarded  as  pseudo- 
morphs  after  hypersthene. 

Finally,  a  few  remarks  should  be  made  relative  to  the  alteration 
of  the  peridotites  due  to  secondary  changes.  Incipient  decom- 
position of  the  constituent  minerals  is  found,  as  a  rule,  only  in  very 
slight  degree,  and  most  of  the  peridotites  are  entirely  unchanged. 
In  thin  slices  the  felspar  (when  present)  is  perfectly  clear,  the 
pyroxene  gives  no  clear  evidence  of  secondary  alteration,  and  even 
the  olivine,  one  of  the  most  susceptible  of  the  rock-forming 
minerals,  usually  shows  little  or  nothing  of  the  familiar  serpen- 
tinous  transformation.  The  only  rocks  which  are  serpentinised  in 
any  important  degree  are  those  which  have  sufiered  crushing. 
This  has  given  rise  to  a  system  of  sub-parallel  cracks,  which  are 
marked  by  narrow  veinlets  of  colourless  or  yellowish  serpentine 
(black  in  the  hand-specimens)  [9232,  9234].  There  is  a  consider- 
able amount  of  secondary  magnetite-dust,  mostly  collected  in  the 
form  of  dense  strings  along  the  median  line  of  each  serpentine 
veinlet.  It  is  evident  that  the  earliest  change  in  the  olivine  has 
been  the  separation  of  much  of  the  iron  in  the  form  of  oxide. 
At  a  later  stage  this  may  be  in  part  reabsorbed  into  the  serpentine, 
giving  a  yellowish  colouration. 

Equally  interesting  is  the  question  of  the  thermal  metamorphism 
of  the  peridotites  by  the  later  intrusions  of  gabbro,  but  on  this 
point  we  have  not  gathered  much  information.  A  slice  has  been 
prepared,  however,  from  one  of  the  detached  blocks  of  peridotite 
involved  in  the  gabbro  near  the  shore  of  Loch  Scavaig,  and  this 
shows  a  micro-structure  quite  difierent  from  that  of  the  normal 
rocks  [9239].  Mineralogically  the  rock  may  be  termed  a  picrite, 
but  it  consists  mainly  of  a  granulitic  aggregate  of  olivine  and 
felspar,  in  which  the  former  occurs  as  rounded  granules  and  the 
latter  with  allotriomorphic  habit.  There  are  even  little  areas  free, 
or  almost  free,  from  olivine,  recalling  the  "ocellar"  structure 
common  in  the  "pyroxene-granulites"  of  German  petrographers. 
It  seems  not  improbable,  though  by  no  means  proved,  that  this 
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structure  is  connected  with  recrystallisation  in  the  process  of 
thermal  metamorphism.  The  diallage,  however,  which  is  the  third 
but  subordinate  constituent,  presents  the  ordinary  characters  of 
that  mineral.  In  view  of  the  comparatively  simple  mineralogical 
constitution  of  the  peridotites,  it  is  not  to  be  expected  that  thermal 
metamorphism  will  give  rise  to  important  recombinations. 


F 
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CHAPTER  VII. 
Gabbros:  Field  Eelations. 

For  purposes  of  description  we  shall  include  under  the  name 
gabbro,  not  only  the  typical  rocks  so  styled  by  petrographers,  but 
also  varietal  forms  which  may  be  regarded  as  derived  from  that 
type  by  modifications  either  mineralogical  or  structural  Thus, 
variations  in  the  relative  proportions  of  the  constituent  minerals 
give,  though  only  very  locally  and  exceptionally,  anorthosites, 
pyroxenites,  troctolites,  and  picrites.  Textural  and  structural 
modifications  are  more  frequent  and  widespread,  and  give  rocks 
which,  taken  apart  from  their  actual  associations  and  classed 
according  to  petrographical  characters  alone,  might  be  named  dia- 
bases, pyroxene-granulites,  gabbro-aplites,  and  gabbro-pegmatites. 
All  these  are  so  intimately  associated  on  the  ground  with  the 
gabbros  proper  that  no  separation  has  been  found  practicable  in 
the  course  of  the  mapping. 

Gabbro,  understood  in  this  comprehensive  sense,  is  a  rock  of 
great  importance  in  the  geological  constitution  of  central  Skye, 
and  especially  of  the  loftiest  and  most  rugged  mountains  of  the 
district.  Its  distribution,  as  shown  on  the  map,  may  be  sum- 
marised as  follows.  It  forms  the  "country"  rock  of  the  whole  of 
the  GuilUns  proper,  and  extends  thence  across  the  Camasunary 
valley  at  Loch  na  Creitheach,  and  so  in  a  N.N.E.  direction  to  form 
the  Blaven  rarige,  viz.  Blaven  (Blath-bheinn*)  itself,  Garbh-bheinn, 
and  part  of  Belig.  This  main  gabbro  tract  measures  about  8^ 
miles  from  east  to  west  and  6  miles  from  north  to  south,  being, 
however,  encroached  upon  from  the  north-east  by  the  granite  of  the 
Red  Hills.  The  isolated  occurrences  of  the  rock  are  not  numerous. 
The  largest  of  them  is  a  patch  about  two  miles  long  and  one  mile 
broad  lying  to  the  north-west  of  Broadford,  where  it  is  associated 
with  the  Cambrian  Limestones  and  Torridon  Sandstone.  Some 
small  patches  occur  on  the  north-west  slopes  of  Belig,  near  the 
boundary  of  the  main  area,  and  a  little  boss  about  150  yards  in 
extent  is  seen  on  the  moorland  west  of  Glamaig,  not  far  from  the 
high-road.     To  these  may  be  added  a  few  very  small  patches  near 

*  Although  the  older  place-names  in  Skye,  whether  of  the  more  prominent 
physical  features  or  of  settlements,  are  of  Jforse  origin,  the  majority  of  names 
are  Gaelic,  and  for  these  we  follow  in  general  the  Gaelic  spelling,  as  given  on 
the  Ordnance  maps.  A  few  names,  however,  are  current  in  anglicised  form, 
roughly  transliterated,  and  some  are  so  given  on  the  maps,  e.(/.  Coruisk  and 
Quiraing.  In  some  cases  Norse  names  have  been  disguised  in  a  Gaelic  dress. 
If,  as  is  probable,  this  is  the  case  with  ** Blath-bheinn"  (Blaaval,  blue 
mountain),  the  English  spelling  of  the  guide-books  is  to  be  preferred  to  the 
Gaelic  which  appears  on  the  map. 
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the  south  coast  of  Scalpay  and  the  whole  of  Guillamon,  a  rocky 
islet  about  J  mile  long  to  the  north-west  of  Broadford  Bay  * 

It  remains  to  be  said,  however,  that  numerous  patches  and  strips 
of  gabbro  occur  enclosed  in  the  later  granitic  intrusions,  indicating 
that  the  rock  in  question  has  had  originally  a  somewhat  wider  dis- 
tribution. These  relics  of  destroyed  gabbro  are  in  places  highly 
metamorphosed  and  otherwise  modified,  and  will  be  described 
below.  The  most  interesting  is  the  broken  series  of  narrow  strips 
which  runs  from  Glen  Sligachan  to  Coire  na  Seilg  along  the  flanks 
of  Marsco.  The  northern  half  of  Beinn  na  Cro  is  formed  by  a 
large  patch  of  the  bedded  basaltic  lavas,  traversed  by  thick 
irregular  sheets  of  gabbro,  the  whole  enveloped  in  the  main 
granite  mass  of  the  Bed  Hills.  Small  patches  of  gabbro  are 
entangled  in  the  granite  at  the  north-west  base  of  Blaven  and  the 
eastern  base  of  Belig,  on  the  moorland  north  of  Beinn  na  Caillich, 
and  in  other  localities. 

The  actual  forms  assumed  by  the  gabbro  intrusions,  and  their 
relations  to  the  bedded  and  other  rocks  among  which  they  have 
been  intruded,  are  subjects  which  necessitate  a  few  remarks  of  a 
general  kind,  and  these  remarks  will  be  in  great  measure  applicable 
also  to  the  granite  intrusions  to  be  described  later.  Concerning 
the  true  shapes  and  essential  geological  relations  of  large  bodies  of 
plutonic  rocks  geologists  have  been  to  some  extent  divided.  The 
tendency  of  general  opinion  at  the  present  time  is  to  regard  these 
large  masses  as  not  differing  essentially,  but  only  in  their  greater 
magnitude  and  less  perfect  regularity,  from  smaller  intrusive  rock- 
bodies  which  are  easily  recognised  as  sheets  and  laccolites,  dykes 
and  "  plugs."  With  this  view  the  results  of  a  survey  of  the  gabbro 
and  granite  areas  of  Skye  are  wholly  in  accord.  We  may  say 
further  that  the  more  extensive  bodies  of  plutonic  rocks  are 
generally  of  the  nature  of  sheets  or  laccolites  rather  than  plugs  or 
bosses,  and  this  remark  also  is  probably  one  of  wide  application. 
Indeed,  the  only  alternative  would  require  us  to  suppose  that  the 
igneous  magma  has  not  merely  displaced  but  replaced  (by  actually 
incorporating)  the  rocks  into  which  it  has  been  forced;  and, 
although  we  have  in  Skye  itself  abundant  evidence  of  such  action 
on  a  limited  scale,  its  general  application  is  negatived  by  chemical 
and  other  considerations  sufficiently  conclusive.t 

Confining  our  attention  then  to  Skye,  we  find  that  the  plutonic 
rock-bodies,  whether  of  gabbro  or  of  granite,  fall  under  two  heads. 
Firstly  there  are  those  which  have,  allowing  for  minor  irregu- 
larities, the  general  habit  of  sheets  or  laccolites,  inclined  at  no  high 
angle  to  the  horizon,  overlying  older  rocks  and  overlain  (where 

♦  A  rock  intrusive  in  Jurassic  strata  between  Allt  Leth  Slighe  and  Glen 
Boreraig,  in  the  neighbourhood  of  Loch  Slapin,  is  petrographically  a  gabbro, 
but  probably  belongs  to  a  much  later  group  of  intrusions.  It  will  be  con- 
sidered below  (Chapter  XXI.). 

t  The  argument  has  been  very  cogently  stated  by  Brogger  in  the  second 
part  of  his  Eniptivgesteine  des  Krutia/niagebietes  (Videnik.  Skrift^y  Math, 
naturv,  KUuse,  1896,  No.  7,  pp.  116-153V 
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erosion  has  not  removed  the  covering)  by  other  older  rocks.  Such 
plutonic  masses  are  the  analogues  of  the  smaller  sheet-like  or  sill- 
like and  laccolitic  intrusions,  composed  usually  of  hypabyssal 
rocks,  which  may  be  directly  observed  as  such  in  this  and  other 
districts.  The  only  difference  is  that  the  large  bodies  are  usually 
too  extensive  for  their  true  forms  and  relations  to  be  displayed  in 
any  one  view,  while  the  irregularity  of  their  boundaries  on  a  small 
scale  often  renders  any  single  section  inconclusive  or  misleading. 
The  second  category  of  plutonic  masses  is  that  which  includes 
stocks  or  bosses,  which  break  abruptly  through  the  bedded  or  other 
rocks  into  which  they  have  been  intruded.  Their  analogues  among 
minor  intrusions  are  found  in  certain  plug-like  masses,  or  again 
(when  there  is  a  tendency  to  linear  extension  and  straight 
boundaries)  in  dykes. 

Corresponding  in  a  general  sense  with  the  two  kinds  of  habit 
just  discriminated,  there  are  two  contrasted  types  of  junction 
between  the  plutonic  rock  and  contiguous  rocks.  The  first  type  is 
usually  gently  inclined  or  quasi-horizontal,  the  igneous  rock 
underlying  or  overlying  that  with  which  it  is  in  contact  at  a  low 
angle,  and,  if  the  latter  be  a  bedded  rock,  cutting  across  it  only 
gradually  and  obliquely  or  preserving  a  general  parallelism  with  it. 
The  second  type  of  junction  is  usually  approximately  vertical  and 
always  clearly  transgressive,  the  igneous  rock  cutting  sharply 
across  its  neighbour,  and,  if  the  latter  be  a  bedded  rock,  truncating 
the  beds  abruptly.  Among  minor  intrusions  of  hypabyssal  and 
volcanic  rocks  the  sheet-like  habit  is  almost  always  associated  very 
regularly  with  the  quasi-conformable  type  of  junction  and  the 
plug-like  and  dyke  forms  with  the  transgressive  junction,  but  in 
the  case  of  the  plutonic  masses  this  correspondence  is  less  complete. 
It  may  happen  that  a  large  body  of  gabbro  or  granite  which  from 
its  general  behaviour  is  clearly  to  be  referred  to  the  first  mode  of 
occurrence  exhibits  for  some  distance  along  its  border  a  junction  of 
the  second  type,  while  the  converse  case  is  also  to  be  noted,  though 
less  frequently.  In  this  way  arise  the  irregularities  which  disguise 
in  some  degree  the  true  nature  of  these  large  intrusive  masses,  and 
especially  of  those  having  a  general  sheet-like  or  laccolitic  shape ; 
and  it  follows  that  the  true  form  and  relations  of  such  masses  are 
to  be  made  out,  not  from  the  examination  of  single  sections,  but 
from  the  boundary  as  laid  down  on  a  contoured  map.  It  should  be 
remarked,  moreover,  that  we  may  have  intrusive  bodies  of  plutonic 
rock  of  the  two  different  habits  in  direct  continuity  with  one 
another,  and  such  seems  to  be  the  case  at  more  than  one  place  in 
the  district.  The  relation  here  indicated  is  doubtless  that  which 
among  minor  intrusions  is  often  shown  to  subsist  between  a  sill 
and  the  dyke  which  represents  its  feeder. 

Certain  other  characteristic  features  seem  to  belong  to  the  two 
modes  of  occurrence  of  the  plutonic  rocks,  respectively,  or,  again, 
to  the  two  different  types  of  junction;  and  although  these  distinc- 
tions are  more  marked  with  the  granites  than  with  the  gabbros, 
they  may  be  briefly  mentioned  in  this  place.  Along  a  junction  of 
the  gently  inclined  type  the  plutonic  rock  is  frequently  found  to 
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assume  a  finer  texture  and  to  develope  porphyritic  or  spherulitic 
structure  or  some  other  modification,  and  at  the  same  time  there 
may  be  very  little  metamorphism  produced  in  the  adjacent  rocks. 
Along  a  junction  of  the  transgressive  type,  on  the  other  hand,  there 
is  rarely  any  modification  of  the  plutonic  rock  of  a  kind  indicative 
of  rapid  cooling,  while  the  metamorphism  of  the  adjacent  rocks 
may  be  very  intense.  In  the  latter  case  too  the  plutonic  rock  often 
encloses  material  derived  from  its  bounding  wall,  and  may  even  be 
considerably  altered  in  bulk  composition  from  this  cause;  a 
phenomenon  not  usually  observable  at  the  borders  of  sheet-like  or 
laccolitic  intrusions.  To  this  rule  there  are,  however,  important 
exceptions. 

The  two  contrasted  modes  of  occurrence  of  plutonic  rocks  are 
well  exemplified  by  the  two  principal  gabbro  masses  of  Skye, 
respectively.  The  large  mass  which  builds  the  Cuillins  and  Blaven^ 
considered  as  a  whole  (i,e.  disregarding  for  the  present  its  highly 
complex  constitution),  is  of  the  nature  of  a  great  sheet  or  laccolUe. 
and  its  junction  with  adjacent  older  rocks  is  in  most  places  a  gently 
inclined  one.  The  laccolitic  nature  of  the  mass  was  recognised 
many  years  ago  by  J.  D.  Forbes  in  a  paper  which  deserves  to  be  better 
known.  Writing  in  1846,  he  points  out  that  the  gabbro  clearly 
overlies  the  basaltic  lavas  in  visible  sections,  and  remarks  in  con- 
clusion ;  "  The  whole  phenomena  of  junctions  and  superpositions 
....  leads  us  to  consider  the  hypersthene  [gabbro]  as  a  vast  bed, 
thinning  out  both  ways,  and  inclined  at  a  moderate  angle  towards 
the  S.E.,  or  parallel  to  Loch  Ooruisk."* 

The  detailed  mapping  of  the  ground  entirely  confirms  Forbes' 
statements,  but  the  inclination  of  the  base  of  the  laccolite  is  only 
roughly  expressed  in  the  words  quoted.  As  we  follow  round  the 
outer  boundary  of  the  gabbro,  we  find  that  the  dip  is  almost  always 
inward,  towards  the  mountains.  To  this  rule  there  are,  however, 
exceptions,  the  inclination  in  some  places  being  nearly  parallel  to 
the  boundary,  but  never  outwaixi.  The  altitude  of  the  base  of  the 
laccolite  varies  from  about  2500  feet  above  the  sea  to  below 
sea-level.  By  taking  points  along  the  boundary  corresponding  with 
certain  heights  above  sea-level  (say  at  intervals  of  500  feet),  and 
drawing  lines  in  the  direction  of  local  strike  of  the  gabbro  base, 
we  obtain  portions  of  contour-lines  on  the  lower  surface  of  the 
laccolite.  These  lines  may  be  prolonged  and  connected  up  con- 
jecturally,  taking  account  of  the  obvious  condition  that  neither 
inside  nor  outside  the  gabbro  area  must  they  cross  the  cor- 
responding contour-lines  of  the  surface  of  the  ground.  The  large 
and  deep  interior  valleys  make  this  a  much  more  determinate 
problem  than  might  be  expected,  and  the  result  given  in  the 
accompanying  sketch-map  (Fig.  15)  must  represent  the  general 
shape  of  the  lower  surfece  of  the  gabbro  with  a  rough  accuracy 
quite  sufficient  for  our  purpose. 

It  will  be  seen  that  a  sharp  anticline  occurs  at  the  northern  or 

♦  J^Vk  New  PhU,  Mag.,  vol  xL,  p.  86  :  1846. 
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north-western  border,  about  Broach  na  Frithe,  and  to  the  south- 
west of  the  axis  of  this  a  broad  shallow  syncline.  The  north-eastern 
part  of  the  area  is  occupied  by  a  very  marked  anticline  cor- 
responding with  the  later  intrusion  of  granite,  and  the  axis  of  this 
is  prolonged  in  a  S.S.W.  direction  to  Sgtirr  na  Stri,  overlooking 
Loch  Scavaig.  Between  this  anticline  and  the  other  one  lies  a 
syncline  coinciding  with  the  valley  of  the  Sligachan  River ;  while 
the  south-eastern  and  almost  detached  portion  of  the  gabbro,  which 
builds  the  Blaven  range,  has  also  a  sharply  synclinal  arrangement. 
There  is  a  very  evident  relation  between  the  form  of  the  laccolite 
as  thus  roughly  defined  and  the  present  surface-relief  of  the  ground, 
and  this  will  be  referred  to  more  fully  below  (Chap.  XXVI.).  One 
point  very  clearly  illustrated  by  the  sketch-map  is  that  over  con- 
siderable stretches  in  the  interior  the  base  of  the  gabbro  must  be 
at  no  great  distance  beneath  the  surface.  This  is  time  not  only  of 
low-lying  portions  of  the  surface  such  as  Glen  Sligachan  and  Harta 
Corrie,  Coruisk,  and  the  lower  part  of  the  Oamasunary  valley,  but 
also  for  the  more  elevated  Druim  an  Eidhne  and  Coire  Biabhach 
and  for  portions  of  the  northern  mountains.  Although  only 
partially  true,  as  Forbes  believed,  of  the  western  range,  it  is  true  of 
the  northern  Cuillins  and  of  the  Blaven  ridge,  that  much  of  their 
elevation  is  due  not  to  the  thickness  of  the  gabbro  but  to  the  undei^ 
lying  rocks. 

Although  the  shape  of  the  base  of  the  laccolite  is  in  the  main 
original  and  connected  with  the  circumstances  of  the  intrusion, 
some  features  of  it  must  be  ascribed  to  subsequent  deformation. 
This  is  notably  the  case  with  what  we  have  styled  the  Marsco 
anticline,  which  seems  to  be  related  to  the  intrusion  of  the  granite 
beneath. 

Concerning  the  shape  and  position  of  the  top  of  the  great 
laccolite  the  data  directly  observable  are  very  scanty,  the  overlying 
rocks  having  escaped  the  eflTects  of  erosion  only  in  a  few  small 
patches,  if  at  all.  The  highest  rocks  in  the  CuUlins,  forming  the 
summits  of  the  peaks  known  to  climbers  as  Sgtirr  Alaisdair, 
SgiUrr  Tearlach,  and  Sgtirr  Mhic  Choinnich,  to  the  east  of  Coire 
Labain,  are  not  gabbro  but  basaltic  lavas  with  some  breccias. 
They  are  highly  metamorphosed,  and  penetrated  by  tongues  from 
the  underlying  gabbro.  These  rocks  may  possibly  be  only  a  patch 
of  the  volcanic  group  caught  in  the  gabbro,  like  others  at  lower 
altitudes;  but  from  their  position  and  extent  it  seems  very 
probable  that  they  mark  approximately  the  original  summit  of  the 
gabbro  mass.  If  so,  the  thickness  of  the  laccolite  in  this  place 
would  be  not  fai*  short  of  3000  feet,  and  in  the  centre  might 
perhaps  be  as  much  as  3500  feet,  or  about  one-tenth  of  the 
probable  average  diameter.  This  kind  of  proportion  is  not  unlike 
that  observed  in  laccolitic  intrusions  in  other  parts  of  the  world. 
The  classical  examples  in  the  Henry  Mountains  of  Utah  have  on 
the  average  a  maximum  thickness  one-seventh  of  the  diameter, 
and  for  more  basic  rocks,  consolidated  doubtless  from  a  less  viscous 
magma,  a  lower  ratio  is  to  be  expected.  Such  a  laccolite,  indeed, 
may  with  equal  propriety  be  regarded  as  a  thick  sheet  tapering 
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to  the  edge.  Prom  this  point  of  view  it  is  reasonable  to  suppose 
that  the  vanished  upper  surface  corresponded  in  general 
form  with  the  lower  surface,  the  shape  of  which  we  have  examined; 
and  this  would  be  the  case  whether  the  form  is  due  to  irregularity 
of  intrusion  or  to  subsequent  disturbance. 

The  base  of  the  gabbro  does  not  correspond  with  a  defined 
geological  horizon.  Approximately,  however,  the  great  laccolite 
occurs  not  far  from  the  base  of  the  volcanic  series.  This  is  true 
at  least  on  the  southern  and  eastern  sides,  where  the  thickness  of 
basaltic  lavas  below  is  never  great,  and  in  one  place  the  gabbro 
rests  on  Jurassic  strata.  Again,  the  agglomerate  along  which  the 
gabbro  is  intruded  at  Loch  na  Oreitheach  and  Druim  an  Eidhne 
is  probably,  like  that  of  Coire  Coinnich  and  Belig,  at  the  very 
base  of  the  volcanic  rocks.  On  the  western  and  north-western 
sides  the  gabbro  is  at  a  somewhat  higher  horizon,  though  here, 
too,  the  thickness  of  basalt  beneath  need  not  be  very  great. 

We  have  hitherto  treated  the  gabbro  laccolite  as  a  single  body 
of  rock ;  but  this  is  far  from  representing  adequately  its  actual 
constitution.  What  we  have  styled  for  convenience  of  reference 
the  gabbro  mountains  consist  in  fact  of  a  great  complexity  of 
basic  igneous  rocks,  of  which  gabbro  is  the  most  prevalent.  A 
glance  at  the  geological  map  shows  that  there  are  entangled  and 
enveloped  in  the  gabbro  a  great  number  of  patches  of  older 
rocks,  viz.  basic  lavas  and  agglomerates;  and  further  that  the 
gabbro  and  the  patches  enclosed  in  it  are  alike  traversed  by 
innumerable  dykes  and  sheets  of  later  rocks,  also  of  basic  com- 
position. But  the  complexity  now  specially  referred  to  is  of  a 
difierent  kind,  arising  from  the  heterogeneous  constitution  of  the 
gabbro  itself,  which  consists  of  very  many  separate  intrusions, 
often  of  difierent  petrographical  varieties.  This  composite 
structure  is  not  indicated  on  the  map,  the  small  size  of  many  of 
the  component  masses  and  their  intricate  relations  to  one  another 
rendering  this  impossible.  In  very  many  parts  of  the  mountains 
difierent  types  of  gabbros,  coarse  and  fine,  granular  and  diabasic, 
paler  and  darker,  are  seen  to  succeed  one  another  or  alternate, 
the  nature  of  their  junctions  often  being  such  as  to  demonstrate 
that  they  represent  distinct  intrusions.  As  a  rule  they  are 
associated  together  with  some  approach  to  a  parallel  disposition  in 
stratiform  masses  or  sheets ;  but  this  regularity  often  breaks  down, 
and  the  various  masses  are  seen  to  undulate,  to  wedge  out  or  fringe 
out,  or  to  intersect  one  another  obliquely.  In  other  cases  it  is 
not  possible  to  distinguish  separate  masses  from  variations, 
which  undoubtedly  occur,  in  individual  masses.  It  is  to  be 
supposed  that  successive  intrusions  often  took  place  through  the 
same  fissures,  and  further  that  intrusions  from  different  fissures 
invaded  and  interlaced  with  one  another.  It  is  not  difficult  to 
understand  how,  in  such  conditions,  the  tendency  to  form  rough 
sheets  parallel  with  the  general  extension  of  the  whole  complex 
would  be  modified  by  many  circumstances  tending  to  introduce 
irregularities.  The  several  intrusions  clearly  differed  much  in 
bulk.     Some,  especially  the  typical  coarse  gabbros  in  the  interior 
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of  the  area,  are  found  to  extend  for  many  huodrede  of  feet  across 
their  strike  ;  while  others,  nsnally  of  more  aberrant  varieties,  are 
only  a  few  feet  thick. 

The  numerous  patches  of  bataltic  lavas  and  agglomerates,  mostly 
of  lenticular  form,  endosed  in  the  compound  laccolite  are  in  general 
not  enveloped  by  individual  gabbro  intrusions,  but  caught  between 
distinct  intrusions.  In  accordance  with  this  they  have  almost  always 
an  inclination  more  or  less  inward,  t.e.  towards  the  interior  of  the 
gabbro  area,  corresponding  with  the  general  structure  of  the  com- 
posite laccolite  itself.  In  some  places  not  far  from  the  boundary  of 
the  gabbro  on  the  map  occur  patches  of  the  volcanic  rocks  which 
were  probably  not  wholly  surrounded  by  gabbro,  but  have  become 
isolated  as  the  result  of  erosion.  The  gabbro  mass  fringing  ont 
into  a  number  of  sheets  has  intercepted  wedge-like  portions  of  the 
lavas,  which,  prior  to  the  denudation  of  the  district,  were  continnoua 
with  the  main  body  beyond.  This  is  especially  the  case  on  Gars- 
bheiun,  as  illustrated  by  the  section  (Fig.  16),  and  on  the  north 
ridge  of  Bmach  na  Prithe  and  its  vicinity.     It  is  in  accordance 


Fio  16  —Section  through  Gars  bbeimi  to  iUustiat«  altornfttiuaa  of  basaltic 

UvBS  and  gabbro  due  to  the  succeaaive  mtrusiona  of  the  latter  rock 
having  followed  different  bedding  planes  m  the  lavas.  Scale,  2  inches 
to  a  mile 

with  the  general  stratiform  arrangement  of  the  gabbro  mass,  as  a 
whole  and  in  its  component  elements  that  it  sometimes  passes  at 
the  edge  mto  sheets  but  never  gives  off  dykes  These  sheet-like 
apophyses  however  are  not  a  very  general  feature,  and  never 
extend  for  any  great  distance  It  is  especially  noticeable  that  the 
base  of  the  laccohte  is  usually  an  unbroken  surface.  The  map 
shows  that  the  outcrop  of  the  base  is  round  the  greater  part  of  the 
circumference  a  continuous  Ime  The  only  important  exceptions 
to  this  on  a  targe  scale  are  seen  above  the  upper  part  of  Glen 
Brittle  and  on  and  about  the  northern  ndge  of  Bruach  na  Frithe. 

The  gabbro  laccolite  bemg  formed  by  numerous  distinct  intru- 
sions 18  therefore  not  all  exactly  of  one  age  and  it  is  of  interest  to 
inqmre  whether  any  law  is  apparent  in  the  sequence  of  its  com- 
ponent parts.  Did  snccessive  intrusions  spread  out  beneath  those 
already  injected,  as  at  a  later  time  the  granite  magma  forced  its 
way  under  a  part  of  the  whole  gabbro  laccolite?  Or  was  the 
composite  laccolite  built  up  from  below  upward,  the  newer  portions 
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breaking  through  the  older  and  spreading  above  them  ?  These  two 
alternatives  are,  of  coarse,  not  exhaustive :  we  might  conceive,  for 
instance,  that  the  highest  and  lowest  portions  represent  the  first 
intrusions,  later  ones  having  forced  their  way  between  and  among 
the  earlier.  We  have  not  been  able  to  arrive  at  any  conclusion  on 
this  point  from  actual  observations  demonstrating  the  priority  of 
one  component  sheet  to  another,  but  other  considerations  may 
perhaps  afford  some  clue.  It  is  noteworthy  that  the  gabbro  magma 
has  effected  much  more  serious  inroads  upon  the  upper  than  upon 
the  lower  surface  of  the  large  pre-existing  laccolite  of  peridotite. 
The  only  apparent  explanation  of  this  is  that  the  peridotite  was 
still  at  a  high  temperature  when  the  overlying  gabbro  was 
intruded,  but  had  cooled  before  the  intrusion  of  the  underlying. 
This  would  indicate  that  here  the  upper  portion  of  the  gabbro  is 
older  than  the  lower  portion.  If  such  be  the  general  rule,  it 
removes  a  difficulty  which  is  otherwise  pressing,  viz.  the  fact  that 
the  conduits  by  which  the  higher  portions  of  the  gabbro  mass  were 
supplied  are  rarely  to  be  detected. 

The  gabbro  of  the  Cuillins  and  the  Blaven  range  is  not  only 
complex  as  consisting  of  many  distinct  intrusions ;  the  rocks  of 
these  individual  intrusions  themselves  are  often  not  of  uniform 
characters.  In  many  localities  patches  and  streaks  are  seen,  which 
differ  mineralogically  or  in  texture  from  the  surrounding  rock,  but 
are  not  distinctly  separable  from  it.  They  are  not  to  be  confused 
with  the  inclusion  of  actual  xenoliths  of  one  type  in  a  matrix  of 
another  type,  but  are  clearly  referable  either  to  segregation  in 
place  or  to  the  magma  being  heterogeneous  at  the  time  of  its 
intrusion.  Only  occasionally  is  there  any  great  petrographical 
difference  between  the  patches  or  streaks  and  the  general  body  of 
the  rock :  in  some  cases  the  former  are  unusually  rich  in  augite  or 
in  iron-ores.* 

Usually  the  patches  are  more  or  less  drawn  out  into  narrow 
lenticles  or  bands,  with  a  general  parallelism  at  any  given  spot, 
and  this  may  be  carried  so  far  that  a  very  conspicuous  handed  or 
ribboned  structure  results.  Banded  gabbros  are  intercalcated  among 
and  between  rocks  of  the  more  normal  massive  kind,  or  in  places 
occupy  alone  considerable  stretches  of  ground.  They  are  especially 
well  developed  round  Loch  Coruisk  and  from  there  north-eastward 
to  Druim  an  Eidhne  (Fig.  17),  and  it  is  in  the  latter  place  that  the 
most  remarkable  exhibition  of  banding  in  the  gabbros  is  found. 
The  rocks  here  have  been  described  by  Sir  A.  Geikie  and  Mr 
Teall,t  and  their  appearance  in  the  field  is  well  shown  in  the 
accompanying  Plates  V.  and  VI. 

It  appears  from  the  small  sketch-map  appended  that, 
disregarding  a  few   local   irregularities,    the  inclination    of   the 

♦  Probably  of  this  nature  was  tho  lump  of  magnetite  found  loose  by  Heddle 
on  Druim  nan  Ramh.  **  It  consisted  of  interlocked  crystals,  about  the  size 
of  peas,  and  might  have  weighed  forty  pounds  or  more."  2Van&  Boy,  Soc, 
Edin.y  vol  xxx.,  p.  453  :  1882. 

t  Quart,  Joum.  Geol  Soc,  vol  L,  pp.  645-669,  PL  XXVI  -XXVIII :  1894. 
See  also  Plate  XIIL  in  the  same  volume. 
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banding  follows  a  general  law,  the  structure  dipping  inwards 
towards  the  interior  of  the  gabbro  area.  More  accurately,  it 
dips  towards  a  point  situated  somewhat  to  the  north-east  of  the 
centre  and  where  a  portion  of  the  gabbro  laccolite  is  wanting 
owing  to  the  subsequent  invasion  of  granite.  The  angle  of  dip 
is  usually  between  80^  and  70°. 

The  significance  of  the  banded  structure  will  be  more  properly 
discussed  in  connection  with  the  petrographical  characteristics  of 
the  banded  rocks.  It  may  be  remarked  here,  however,  that  the 
phenomenon  is  doubtless,  as  Sir   A.   Geikie  and  Mr  Teall  have 


Fig,  17. — Sketch-map  showing  the  distribution  of  banded  structures  in  the 
gabbros  of  the  Cuillins.  The  strong  line  indicates  the  boundary  of  the 
gabbro  itself :  the  dotted  line  encloses  the  area  within  which  baiiding  is 
most  prevalent.  The  dip  of  the  banding  is  shown  by  arrows.  Scale, 
^  inch  to  a  mile. 

indeed  proved,  of  the  nature  of  an  original  flow-structure,  and 
has  a  special  interest  with  reference  to  the  origin  of  some 
banded  gneisses  of  much  greater  geological  antiquity.  The  bands 
have  thus  a  general  parallelism  with  the  upper  and  lower  surfaces 
ot  the  individual  sheets  of  gabbro  which  exhibit  the  structure ; 
but  it  does  not  follow,  and  it  is  evidently  not  the  fact,  that  the 
banding  is  parallel  to  the  lower  surface  of  the  complex  laccolite 
as  a  whole.  This  appears  from  a  consideration  of  the  dips  as 
recorded,  and  is  very  clear    in  what  may  be  regarded  as  the 
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typical  locality,  viz.  the  strip  of  gabbro  on  the  border  of  the  area 
at  Druim  an  Eidhne  (Fig.  18). 

The  bands,  though  usnally  straight  and  preserving  a  common 
direction  in  any  given  exposure,  are  seen  in  places  to  be  winding 
or  puckered  (Plate  VL),  and  the  finer  seams  are  sometimes  bent 
sharply  upon  themselves  at  an  acute  angle. 

An  interesting  question  refers  to  the  channels  by  which  the  gabbro 
magma  ascended  before  spreading  laterally  in  the  form  of  sheets. 
Analogy  would  lead  us  to  expect  that  the  molten  material  rose 
through  more  or  less  vertical  fissures,  which,  filled  by  the  latest 
uprising  magma  consolidating  in  them,  are  to  be  looked  for  in 
the  form  of  dykes.  That  this  was  the  case  we  have  abundant 
evidence.  The  exposures  of  the  base  of  the  laccolitic  mass  belong 
in  most  places  to  its  peripheral  parts ;  but  the  north-eastern 
portion  of  the  laecolite  has  been  removed,  partly  by  erosion,  partly 
by  the  destructive  agency  of  the  granitic  intrusion,  and  here  we 
are  able  to  obtain  a  glimpse  of  the  mechanism  by  which  the 
uprise  of  the  gabbro  magma  was  effected.  On  Druim  an  Eidhne 
a  number  of  irregular  dyke-like  intrusions  of  gabbro  are  seen 
intersecting  the  volcanic  agglomerate  which  there  underlies  the- 
laecolite,  and  some  of  them  are  visibly  continuous  with  the  latter. 
The  fissures  which  they  fill  are  not  straight  nor  of  a  uniform 
width :  they  suggest  rather  that  the  rocks  on  which  the  laecolite 
rests  in  its  central  part  were  at  the  time  of  the  intrusion  broken  by 
a  plexus  of  irregular  curved  and  branching  crevices,  through 
which  the  successive  bursts  of  molten  magma  ascended.  Another 
place  where  a  series  of  curving  and  in  places  bifurcating  dykes 
can  be  traced  is  along  a  line  from  Glen  Sligachan  to  the  head  of 
Ooire  na  Seilg,  passing  over  Marsco.  This  case  has  a  peculiar 
interest,  since  the  dyke-like  strips  of  gabbro  are  enclosed  in,  and 
partially  destroyed  by,  the  granite  :  their  remarkable  features  will 
be  described  in  Chapter  XI. 

If  the  higher  sheets  of  the  gabbro  laecolite  were  in  any  case 
intruded  after  the  lower,  their  fissures  of  supply  must  have 
intersected  these,  and  we  should  expect  to  find  gabbro  dykes 
cutting  the  gabbro  mass  itself.  Not  many  instances  of  this  have 
been  detected.  One  such  dyke  runs  along  the  western  slope  of 
Bruach  na  Frithe,  where  it  may  be  followed  by  its  dark  colour 
contrasting  with  the  somewhat  paler  rocks  which  it  intersects. 
Two  large  dykes  are  conspicuous  objects  on  the  western  slope  of 
Gars-bheinn  as  seen  from  Coire  nan  Laogh.  There  they  traverse 
one  of  the  large  enclosed  patches  of  volcanic  rocks,  and  their 
actual  connection,  if  any,  with  the  overlying  gabbro  is  concealed 
by  screes.  In  the  tract  immediately  bordering  the  gabbro  of  the 
mountains  gabbro  dykes  are  seen  in  several  places.  Near  the 
termination  of  the  Blaven  range,  to  the  east  and  south  of  Loch 
na  Oreitheach,  they  are  visibly  continuous  with  the  main  body  of 
gabbro.*     Some  of  these  have  the  irregular  branching  form  of  the 

*  The  relation  is  further  emphasised  in  one  case  by  both  the  dyke  and  the 
contiguous  portion  of  the  laecolite  enclosing  quartz-pebbles,  probably  picked 
up  by  the  dyke  from  a  conglomerate  a  little  lower  down. 
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Dmim  an  Eidhne  dykes,  but  others  run  in  straight  lines  for  a 
certain  distance,  with  the  N.W.-S.E.  direction  common  to  most 
of  the  dykes  of  the  district,  both  earlier  and  later  than  the  gabbro. 
It  will  be  pointed  out  in  a  subsequent  chapter  that  there  are  in 
Skye  certain  dykes  of  coarse  diabase  often  indistinguishable  from 
gabbro  in  the  field,  but  belonging  to  an  epoch  long  posterior. 
Where  a  dyke  of  gabbro-like  aspect  is  not  in  visible  continuity 
with  the  gabbro  laccolite  there  may  thus  exist  a  doubt,  only  to 
be  solved  by  more  minute  study  of  the  rock.  The  dyke  which 
crosses  the  Blath-bheinn  ridge  itself  in  this  neighbourhood,  at 
about  1100  feet  altitude,  is,  on  petrographical  grounds,  to  be 
referred  to  the  later  set,  and  the  same  is  perhaps  true  of  other 
large  dykes  on  An  Stac  and  Slat-bheinn.  Those,  however,  which 
are  seen,  to  the  number  of  five  or  six,  on  the  coast  south  of 
SgCuT  na  Stri,  though  they  have  not  been  examined  micro- 
scopically, we  place  here,  for  at  least  one  of  them  can  be  traced 
up  into  continuity  with  the  great  gabbro  mass. 

The  few  actual  exposures  of  dykes  continuous  with  the  over- 
lying gabbro  mass  may  be  taken  to  indicate  that  the  fissures  of 
supply  are  for  the  most  part  concealed  beneath  the  interior  portion 
of  the  laccolite,  and  the  general  inward  dip  of  the  component 
sheets  of  the  laccolite  is  in  harmony  with  this  supposition.  In 
one  place  at  least  in  the  interior  of  the  area  the  connection  of  a 
sheet  of  gabbro  with  its  dyke  of  supply  is  clearly  visible.  This 
is  at  Eas  Mdr,  on  Allt  Goire  na  Banachdich,  the  most  consider- 
able water-fall  in  this  part  of  Skye.  The  ordinary  coarse  gabbro 
is  here  in  a  very  decayed  state ;  but  in  it  occurs  a  sheet  of  finer 
gabbro  [8729]  in  a  much  sounder  condition,  and  this,  by  its 
superior  durability,  has  determined  the  fall.  The  sheet  is  of 
lenticular  form,  and  probably  does  not  extend  far,  though  the 
thick  cover  of  drift  prevents  the  accurate  tracing  of  it.  For  some 
distance  it  forms  the  upper  part  of  the  walls  of  the  gorge  below 
Eas  Mdr  (see  Fig.  19),  the  coarse  gabbro  appearing  beneath  it. 
Nearly  a  hundred  yards  below  the  fall  a  broad  dyke  of  fine- 
grained gabbro  crosses  the  burn  in  a  N.N.E.  direction,  intersecting 
the  coarse  gabbro,  and  this  dyke  is  in  visible  continuity  with  the 
sheet  above. 

It  remains  to  make  a  few  remarks  concerning  the  nature  of  the 
junctions  between  the  gabbro  of  the  great  laccolite  and  the  older 
rocks  among  which  it  was  intruded.  Excepting  for  a  short 
distance  to  the  south-east  of  Blath-bheinn,  where  it  invades  the 
Lias,  and  excepting  also  its  junction  with  the  granite,  to  be 
described  in  connection  with  the  latter  rock,  the  gabbro  is  every- 
where in  contact  with  members  of  the  volcanic  series.  In  these 
rocks  it  has  produced  metamorphism  more  or  less  intense,  the 
phenomena  of  which  have  already  been  described.  It  should  be 
remarked,  however,  that  the  effects  are  not  everywhere  equally 
extended,  nor  have  they  always  attained  the  same  degree  at  equal 
short  distances  from  the  gabbro.  Perhaps  one  reason  for  this  is 
connected  with  the  fact  that  the  gabbro  mass,  especially  in  its 
lower  portion,  is  built  up  of  successive  sheet-like  intrusions.    If  we 
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may  sappose  that  in  some  places  a  newer  intrusion  forced  its  way 
between  an  earlier  one  and  the  underlying  rock,  already  metamor- 
phosed, the  latter  would  presumably  be  raised  to  a  higher  tempera- 
ture, and  might  be  so  maintained  for  a  prolonged  time,  and  the 
eEfects  might  be  expected  to  he  correspondingly  more  pronounced. 
The  junction  with  the  volcanic  agglomerate  is  in  general  a 
clean-cut  line.  In  some  places,  however,  and  especially  in  the  case 
of  some  of  the  enclosed  patches  of  that  rock,  the  precise  boundary 
is  more  difficult  to  draw.  There  is  then  room  for  a  suspicion  that 
the  finely  divided  matrix  of  the  agglomerate  has  been  to  some 
slight  extent  absorbed  and  incorporated  in  the  gabbro  magma.  In 
such  places  there  are  often  xenoliths  of  a  somewhat  different  kind 
of  gabbro  enclosed  in  the  prevalent  type,  which  may  perhaps  repre- 
sent fragments  in  the  agglomerate  set  free  in  this  fashion. 


Fio.  19  — Ground  plan  o£  a  slieet  at  fine  grained  gabbro  and  its  dyke-feedor, 
ftt  Eaa  M6r,  on  AHt  Coire  ns  Banachdioh     Scale,  34  inches  to  a  mile. 


The  jnnction  with  the  basaltic  lavas  has  a  rather  different 
character.  If  it  departs,  as  it  occasionally  does,  from  the  simple 
type  of  contact,  it  is  usually  by  the  gabbro  sending  small  veins  into 
the  immediately  adjacent  basalt.  ITiese  veins  may  be  numerous 
and  minute.  This,  however,  is  apparently  not  so  common  a  feature 
with  the  gabbro  as  with  the  granite.  It  is  seen  in  a  few  places  in 
the  Cuillins,  and  is  well  exhibited  at  the  boundaries  of  the  irregular 
sheet  of  gabbro  which  forms  the  conspicuous  buttresses  at  the  north 
end  of  fieinn  na  Cro. 

There  are  places  where  the  relations  between  the  basaltic  lavas 
and  the  gabbro  are  of  a  more  remarkable  character,  and  there  ia 
little  doubt  that  the  former  rocks  have  been  to  a  limited  extent 
actually  fused  and  incorporated  in  the  gabbro-mt^ma.  This  is 
found  at  nnmerouB  localities  on  the  western  and  south-western 
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slopes  of  the  Cuillins :  e,g,  in  parts  of  Coire  na  Banachdich*  and 
Coire  Labain  and  on  the  flanks  of  Sgdrr  nan  Eag  and  Ghu:«-bheinn. 
An  easily  accessible  place  for  study  is  a  flat  knoll  in  the  lower  part 
of  Coire  Labain,  about  580  yards  B.S.E.  of  Loch  an  Phir-bhaUaich.f 
The  phenomena  are  found  only  in  connection  with  patches  of  lava 
actually  enveloped  in  the  gabbro  mass  or  caught  between  sheet-like 
prolongations  of  it.  They  are  rarely  observable  in  other  parts  of 
the  Cuillins,  e,g,  at  one  or  two  spots  on  Druim  nan  Bamh.  The 
eye  is  caught  at  once  by  conspicuous  amygdules,  comparable  with 
those  seen  in  the  metamorphosed  lavas,  but  here  occurring  in  what 
has  otherwise  the  appearance  of  a  normal  gabbro.  Sometimes  the 
amygdules  stand  out  prominently,  and  are  found  to  be  of  quartz, 
perhaps  with  a  black  border  of  hornblende ;  sometimes  we  see  the 
dead  white  colour  of  felspar,  representing  metamorphosed  zeolites. 
Where  the  amygdules  have  been  formed  in  the  main  of  more 
perishable  minei^s,  they  have  weathered  into  little  cavities,  and 
impart  a  curiously  pitted  appearance  to  a  surface  on  which  they  are 
numerous. 

Thin  slices  confirm  the  statement  that  the  enclosing  rock  has  the 
character  of  an  ordinary  gabbro.  They  also  make  it  certain  that 
the  amygdules  are  enclosed  foreign  bodies,  not  patches  of  secondary 
minerals  occupying  druses  in  the  gabbro.  Their  shape  is  always 
rounded,  and  in  the  smaller  amygdules  spherical.  The  quartz, 
probably  derived  from  chalcedony,  has  clearly  crystallised  under 
metamorphic  influence,  for  it  is  penetrated  by  fine  needles  of 
actinolite,  and  encloses  imperfect  crystals  of  light-green  actinolitic 
(fibrous)  hbmblende  and  sometimes  crystal-grains  of  yellow  epidote 
[8700,  8701].  Other  amygdules  consist  of  an  aggregate  of  felspar 
precisely  like  that  described  in  the  metamorphosed  amygdaloidal 
basalts.  As  a  rule  the  amygdules  are  immediately  surrounded  by 
the  gabbro  matrix,  the  basalt  to  which  they  belonged  having 
wholly  disappeared;  but  this  is  not  always  the  case.  Thus  an 
amygdule  may  be  invested  by  a  relatively  fine-textured  rock,  which 
must  be  regarded  as  a  metamorphosed  basalt,  the  little  felspars 
bordering  the  amygdule  being  set  tangentially  to  it  in  the 
customary  fashion:  as  seen  in  the  slice,  this  basalt  gives  place 
rapidly,  though  not  at  a  perfectly  defined  line,  to  the  enveloping 
gabbro  [8699].  Here  we  have  enclosed  in  the  gabbro  a  small  relic 
of  basaltic  lava,  which  itself  encloses  an  amygdule. 

Two  alternative  explanations  are  not  inconsistent  with  the  facts 
as  so  far  stated.  We  might  suppose  that  the  amygdaloidal  gabbro 
represents  the  extreme  phase  of  metamorphism  of  amygdaloidal 
basalt,  all  the  original  characters  of  the  rock  except  the  amygdules 
having  been  obliterated ;  or,  on  the  other  hand,  that  the  basalt  has 
actually  passed  into  a  state  of  fasion  and  mingled  with  the  gabbro 
magma,  only  the  amygdules  surviving.      Further  consideration, 

*  The  pitted  surface  of  these  peculiar  rocks  when  slightly  weathered  has 
probably  given  this  corrie  its  name,  signifying  small -pox 

t  Following  the  usual  track  from  Glen  Brittle  House,  a  conspicuous  erratic 
of  Matterhom  shape  is  seen  close  on  the  left :  the  knoll  mentioned  is  then 
immediately  on  the  right. 
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however,  makes  the  former  hypothesis  scarcely  tenable.  The 
gabbro  presents  features  {e,g,  in  some  cases  schiller-structores  in 
the  augite)  which  are  highly  distinctive  of  true  plutonic  rocks,  and 
are  not  to  be  expected  in  any  product  of  thermal  metamorphism. 
Even  more  convincing  is  the  fact  that  similar  amygdules  are  locally 
found  in  the  ultrabasic  rocks  already  described,  and  present  the 
same  indications  of  a  foreign  origin.  Since  no  metamorphism 
could  convert  a  basaltic  lava  into  a  picrite  or  peridotite,  it  is  clear 
that  in  that  case  at  least  the  lava,  with  the  exception  of  its 
amygdules,  must  have  been  fused,  and  moreover  must  have  become 
suflBciently  fluid  to  diffuse  through  the  ultrabasic  magma,  mingling 
freely  with  it. 

We  conclude  then  that  the  amygdules  in  the  gabbro  are  of 
the  nature  of  xenoliths,  set  free  from  their  original  matrix  by  the 
complete  fusion  of  the  latter.  There  is  no  evidence  that  the  process 
has  operated  on  any  extensive  scale.  The  amygdaloidal  gabbros 
occur  in  small  patches  or  along  bands  rarely  as  much  as  100  yards 
wide,  and  usually  much  less,  always  in  the  immediate  neigbourhood 
of  metamorphosed  lavas.  In  strictness  the  zone  of  fasion  must  be 
supposed  to  stop  at  a  definite  line;  but  in  actual  mapping  it  is  not 
always  easy  to  divide  sharply  the  amygdule-bearing  gabbro  from  a 
highly-metamorphosed  amygdaloidal  basalt. 

The  relations  of  the  gabbro  to  the  large  peridotite  laccolite 
which  it  envelopes  have  been  described  in  the  preceding  chapter. 
Not  only  does  the  later  rock  penetrate  the  earlier  in  the  form  of  an 
intricate  system  of  dykes  and  veins  extending  for  some  distance 
from  the  boundary;  but  about  Allt  a'  Chaoich  and  Meall  na  Cuilce 
and  down  to  the  shores  of  Lochs  Coruisk  and  Scavaig  the  gabbro 
encloses  abundant  blocks  and  fragments  of  picrite  and  other  rocks 
belonging  to  the  ultrabasic  group.  It  is  to  be  remarked  that  these 
enclosed  fragments  are  of  fairly  angular  shape,  and  there  is  little 
or  no  indication  of  the  gabbro  magma  having  absorbed  material 
from  the  debris  which  it  took  up.  Further,  there  is  little  clear 
indication  of  thermal  metamorphism  (at  least  as  regards  new 
minerals)  in  the  enclosed  blocks  and  fragments.  The  difference 
in  these  respects  between  the  ultrabasic  rocks  and  the  basaltic 
lavas  can  only  be  attributed  to  the  different  petrographical  natures 
of  the  two  groups  of  rocks. 

Turning  now  to  the  second  considerable  mass  of  gabbro  in  Skye, 
that  exposed  to  the  north-ivest  of  Broadford,  we  find  that  it  offers 
in  every  respect  a  remarkable  contrast  to  the  larger  mass  of  the 
mountain  tract,  its  form  and  habit  being  those  of  a  boss.  It 
occupies  most  of  the  ground  to  the  north-east  of  the  Beinn  na 
Caillich  granite  as  far  as  the  high-road,  where  it  and  the  rocks 
with  which  it  is  associated  are  cut  off  by  a  fault  bringing  on  the 
Lias.  It  is  intruded  chiefly  into  the  Cambrian  Limestones 
(Balnakiel  group) ;  but  this  statement  does  not  adequately 
express  what  is  seen  on  the  ground,  for,  excepting  an  area  of  about 
1400  by  500  yards,  much  invaded  by  gabbro,  the  limestone  is  seen 
only  in  the  form  of  small  detached  portions  enclosed  in  the  igneous 
G 
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rock  (Fig-  20).  There  are  about  fifty  of  these  enclosed  patches,  vary- 
iDg  in  dimensionB  from  300  to  20  yards,  beaidea  others,  down  to  10 
feet  or  lees  in  diameter,  which  are  too  small  to  be  mapped.  In 
groand-plan  they  always  present  convex  outlines  to  the  gabbro, 
and  the  Bmallest  ones  are  circular  The  larger  are  of  irr^nlar 
outline,  with  sharp  indentations  occupied  by  procesBea  of  the 
gabbro ,  and  where  these  latter  completely  intersect  the  limestone, 
we  have  two  or  more  ovoid  patches  lying  close  together,  represenlr 
ing  the  relics  of  one  larger  patch     Ihey  are  easily  recognised. 
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Fio.  20. — Map  Bhowing  a  parbof  the  Broadford  gnbbroboss  nnd  a  small  part 
of  tho  Beinn  na  Caitlich  granite,  vith  patches  of  the  Cambrian  lime- 
stonea  enclosod  in  the  igneous  rock-maBsen. 

The  area  shown  lies  immediately  H.E,  of  Lochnin  Beinn  na  Caillich. 
For  explanation,  nee  text. 

even  where  no  rock  is  visible,  by  a  depression  due  to  the  more 
rapid  weathering  of  the  limestone,  and  by  the  bright  green  growth 
of  bracken  contrasting  with  the  peaty  or  heather-clad  surface  of  the 
gabbro.  The  junction  of  the  two  rocks  is  often  well  exhibited,  and 
is  found  to  be  everyu-here  a  vertical  one,  the  gabbro  standing  up  as  a 
perpendicnlar  wall  a  few  feet  higher  than  the  surface  of  the  limestone. 
This  is  true  all  along  the  sinuous  outline  of  the  larger  limestone 
patches,  and  it  is  true  of  patches  only  a  few  yards  in  diameter. 
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The  gabbro  has  cut  sharply  across  the  limestone,  the  latter  being 
cut  out  as  if  it  had  been  annihilated,  saving  that  columnar  portions 
of  it  have  been  left  standing  surrounded  by  the  igneous  rock. 
It  is  not  possible  to  explain  the  phenomena  by  supposing  that 
the  enclosed  patches  of  limestone  seen  are  resting  upon  gabbro 
below,  and  there  is  no  evidence  that  they  have  been  disturbed 
by  the  intrusion.  It  is  true  that  they  show  dips  in  various 
directions  and  sometimes  at  high  angles,  but  this  seems  to  be  due 
to  folding  of  a  much  earlier  date,  connected  with  the  over-thrusting 
of  the  Torridon  Sandstone.  Similar  dips  are  observed  in  the.larger 
and  more  independent  area  of  limestone  mentioned  above,  the 
strata  there  being  greatly  disturbed  and  in  places  vertical,  while 
outliers  of  Torridon  Sandstone  rest  almost  horizontally  upon  them. 
Along  the  exposed  western  boundary  of  this  area,  too,  the  limestone 
does  not  dip  away  from  the  gabbro,  but  towards  it  at  high  angles. 
It  is  curious  to  notice  that  the  gabbro  shows  no  tendency  to 
force  its  way  along  the  thrust-plane,  though  the  later  intrusion 
of  granite  has  often  done  so. 

It  can  scarcely  be  doubted  that  this  remarkable  behaviour  of  the 
gabbro,  so  totally  at  variance  with  what  is  seen  in  the  Cuillins,  is 
in  some  measure  due  to  the  fact  that  the  country-rock  here  is  a 
limestone.  The  circumstantial  evidence  for  this  hypothesis  is  at 
least  very  strong.  All  intrusive  rocks  in  the  district,  whether 
basic  or  acid,  which  occur  in  limestones,  have  a  strong  tendency  to 
assume  the  forms  of  bosses,  plugs,  or  dykes,  with  vertical  walls ; 
and  the  larger  bodies  exhibit  curiously  irregular  and  sinuous 
outlines  in  ground-plan.  Intrusions  which  have  been  running  as 
more  or  less  regular  sills  or  sheets  in  other  "country"  rocks,  break 
abruptly  across  and  lose  all  regularity  as  soon  as  they  enter  lime- 
stones. We  shall  have  to  revert  to  this  matter  in  connection 
with  the  granites  and  minor  intrusions  of  the  district. 
At  present  it  will  suffice  to  note  as  a  significant  fact  that 
this  gabbro  boss,  at  its  north-western  end,  on  Creag  StroUamus, 
where  it  enters  the  Torridon  Sandstone  and  basaltic  lavas,  at  once 
takes  the  form  of  a  sheet. 

The  mechanism  of  such  an  intrusion  as  the  Broadford  gabbro 
boss  presents  a  physical  problem  of  considerable  difficulty.  Where 
gabbro  now  appears  on  the  map  was  once  limestone,  and  this  lime- 
stone has  vanished  as  completely  as  if  it  had  been  annihilated.  It 
can  only  have  been  removed  either  in  blocks  and  fragments  or  in 
solution  in  the  gabbro  magma,  and  neither  of  these  hypotheses,  nor 
a  combination  of  them,  is  easily  applied.  We  may  perhaps  conceive 
the  gabbro  magma  as  forcing  its  way  along  joint-fissures  of  the 
limestone,  detaching  blocks  and  loose  fragments  of  that  rock,  and 
floating  them  upwards ;  but,  in  view  of  the  probably  small  difierence 
in  specific  gravity  between  the  limestone  and  the  fluid  magma,  it  is 
difficult  to  account  on  this  supposition  for  the  entire  absence  of 
detached  pieces  of  limestone  in  the  gabbro  as  now  exposed.  It  is 
also  necessary  to  assume  that  the  intrusion  has  been  prolonged 
upward  with  the  same  boss-like  form  through  the  once-overlying 
Torridon  Sandstone,  Cambrian  quartzites,  etc.,  an  assumption  not 
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in  itself  probable.  Even  if  the  chief  bulk  of  the  limestone  can 
have  been  carried  away  in  fragments,  as  suggested,  the  smooth 
rounded  form  of  the  junctions  compels  us  apparently  to  admit  a 
certain  amount  of  solvent  action.  Any  noteworthy  amount  of 
solution  and  absorption  of  this  dolomitic  limestone  by  the  bafdc 
magma  would  betray  itself  in  the  chemical  composition  of  the 
gabbro  by  an  unusually  high  percentage  of  lime  and  magnesia, 
and  such  data  as  we  have  on  this  point  do  not  afford  any  support  to 
the  supposition.  The  following  figures  are  taken  from  analyses 
given  in  full  below  :— 

Silica.  Lime. 

Gabbro  of  Cuillins  (I.)    - 

Do.  (II.)    - 

Do.  (III.)    - 

Gabbro  of  Broadford  boss  (IV.) 
Ofishoot  of  the  same,  traversing 

limestone  (V.)      -         -         -     4718  11-59 

It  appears  from  these  figures  that  the  Broadford  gabbros  are  not 
richer,  but  actually  poorer,  in  lime  than  those  of  the  Cuillins, 
intruded  among  basaltic  lavas.  This  must  of  course  be  ascribed  to 
difierent  composition  of  the  magma  as  intruded ;  but  it  is  evident 
that  in  no  case  can  any  important  absorption  of  lime  be  postulated. 
The  figures  in  the  last  line  refer  to  a  dyke-like  apophysis  of  the 
boss,  cutting  through  the  limestone,  and  they  show  it  to  be  poorer 
in  silica  and  rather  richer  in  lime  than  the  main  body.  This, 
however,  if  the  two  are  really  parts  of  one  intrusion,  only  increases 
the  diflSculty ;  for  it  proves  that  any  dissolved  lime  was  not  freely 
difiused  through  the  magma,  and  free  diffusion  is  essential  to  any 
explanation  of  the  facts  on  the  lines  suggested.  We  are  compelled, 
therefore,  to  leave  the  question  unsolved. 

Although  the  boundary  of  the  gabbro  boss  is  a  highly  sinuous 
one  in  ground-plan,  and  processes  which  might  be  called  short 
dykes  extend  out  from  the  main  body,  the  junction  is  on  the  small 
scale  a  regular  and  clean-cut  one.  The  gabbro  does  not  send  out 
veins  into  the  limestone.  The  latter  rock  is  highly  metamorphosed, 
and  is  in  the  condition  of  a  crystalline  marble  often  carrying 
various  silicates,  etc.  The  metamorphism  is  quite  of  the  same 
kind  and  degree  as  that  produced  by  the  Beinn  an  Dubhaich 
granite,  two  or  three  miles  farther  south,  and  we  shall  defer  any 
detailed  account  of  it  until  the  latter  is  discussed  (Chap.  IX.). 

Where  the  gabbro  is  in  contact  with  Torridon  Sandstone,  on 
Creag  Strollamus,  the  junction  is  of  a  different  type.  The 
intrusive  mass  has  here  a  more  irregular  boundary,  in  the  sense  of 
sending  out  small  veins  into  the  neighbouring  rock.  In  places 
these  veins  are  numerous,  minute,  and  ramifying ;  and  the  sand- 
stone, for  a  few  inches  from  the  general  line  of  junction,  has  been 
injected  or  impregnated  with  the  gabbro  magma,  which  has  even 
insinuated  itself  in  narrower  threads  between  the  grains  of  the 
clastic  rock. 

The  gabbro  boss  of  Broadford  differs  from  the  great  laccolite  of 
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the  Cuillins  not  only  in  general  shape  but  in  deCailed  structure. 
We  are  not  able  to  assert  that  it  represents  a  singla-^flfort  of  intru- 
sion, but  it  certainly  shows  no  clear  indication  of  the  complex 
constitution  of  the  laccolitic  mass,  and  exhibits  much 'tea^  range  of 
petrographical  diversity,  while  the  banded,  xenolithic,  and  other 
special  structures  are  not  met  with. 

The  several  smaller  m/isses  of  gabbro  in  Skye  do  not  call  for, 
particular  notice.  Both  the  stratiform  and  the  boss-like  modes  \Cf- 
occurrence  are  represented  among  them.  A  small  patch  on  the ;  - 
north-western  spur  of  Belig  is  merely  an  outlier  of  the  main 
laccolite,  and  the  same  is  probably  true  for  a  patch  on  the  main 
ridge  of  Marsco.  The  gabbro  which  runs  with  sheet-like  habit 
along  the  west  ridge  of  Beinn  na  Cro,  and  forms  conspicuous 
buttresses  at  the  northern  end  of  the  hill,  may  not  impossibly 
represent  the  thin  edge  of  the  great  laccolite,  but  the  granite  which 
has  isolated  this  patch  of  basalt  and  gabbro  has  destroyed  the 
evidence  on  this  point.  Some  quite  small  sill-formed  intrusions  of 
gabbro  on  the  southern  and  eastern  slopes  of  the  Blaven  range, 
never  far  from  the  great  laccolite  but  at  lower  horizons,  belong 
probably  to  the  same  focus  of  intrusion.  One  or  two  other  small 
masses  seem  to  have  the  boss-like  habit,  e.g.  one  which  breaks 
through  the  basaltic  lavas  on  An  Stac,  about  a  mile  east  of 
Blath-bheinn. 

We  may  mention  also  that  Mr  Clough  has  mapped  two  small 
bosses  of  gabbro  in  the  Moine  Schists  of  Sleat,  about  ^  mile 
N.W.  of  Bjuock.  This  is  about  9  miles  S.S.E.  of  the  Broadford 
boss.  He  has  also  noted  two  small  bosses  on  the  other  side  of  the 
Sound  of  Sleat,  which  are  possibly  to  be  attached  to  the  Skye 
group.  One  is  a  little  south  of  Glenelg  Pier  and  the  other  farther 
south,  near  Sandaig. 
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CHAPTER  Vm. 
Gabbros:  Petrography. 

In  describiug  the  petrographical  characters  of  the  gabbro  group 
we  shall  discuss  first  what  may  be  regarded  as  the  normal  types, 
reserving  for  later  notice  the  aberrant  varieties  which  occur  chiefly 
in  the  form  of  bands,  seams,  and  veins.  These  normal  gabbros  are 
typical  basic  rocks,  varying  in  texture  from  coarse  to  fine.  That 
they  also  vary  within  certain  limits  as  regards  the  relative  propor- 
tions of  their  component  minerals  is  evident  to  the  eye,  and  the 
difierent  specific  gravities  of  specimens  tested  indicate  in  a  general 
way  this  range  of  composition.  Twenty-five  examples  from 
difierent  parts  of  the  area  gave  a  mean  specific  gravity  of  2*927, 
the  extreme  figures  being  2*85  and  3*03. 

To  illustrate  the  chemical  composition  of  the  normal  gabbros  two 
specimens  have  been  subjected  to  careful  analysis  by  Dr  Pollard, 
and  the  results  are  shown  below  in  columns  I.  and  II.  To  these 
we  are  able  to  add  an  already  published  analysis  by  the  late  Professor 
Haughton  (III.).  All  three  are  from  the  laccolitic  mass  of  the 
Ouillins,  and  they  exhibit  a  rather  close  resemblance  to  one  another. 
They  present  a  general  similarity  also  to  the  Tertiary  gabbros  of 
Carlingford,  of  which  Haughton  has  given  two  analyses,  showing 
47*52  and  48*80  per  cent,  of  silica  respectively.*  We  are  also  able 
to  give  an  unpublished  analysis  of  a  gabbro  from  the  Broadford 
boss  (IV.)  made  by  Mr  T.  Baker  of  the  Durham  College  of  Science 
and  kindly  communicated  by  Professor  6.  A.  Lebour.  This,  as 
will  be  seen,  is  a  rock  of  slightly  more  acid  composition.  Mr 
Player's  analyses  of  the  banded  gabbros  will  be  quoted  in  their 
proper  place. 

As  compared  with  the  average  of  gabbros  from  other  regions, 
the  Guillin  rocks  analysed  are  rather  poor  in  iron  and  magnesia 
and  rich  in  lime. 

Dr  Pollard  did  not  find  metallic  iron  in  the  rocks  examined, 
though  it  has  been  found  in  Skye  gabbros  by  Mr  Buchanan  f  and 
by  Professor  Tilden.t  Another  interesting  observation  by  the 
latter  relates  to  the  gases  enclosed  in  the  minute  cavities  of  the 
crystals  of  the  rock.     A  gabbro  from  Loch  Ooruisk  yielded  3^  times 

♦  Quart.  Joum,  Choi,  Soc,,  vol.  xii.,  p.  197  :  1856  ;  Joum,  Roy,  Oed.  Soc, 
Ird,,  vol  iv.,  p.  99  :  1876. 

t  Judd,  Quart,  Joum,  Oeol,  Soc,  vol.  xlL,  p.  374  :  1885. 

I  *'  On  the  Gases  Enclosed  in  Crystalline  Rocks  and  Minerals,"  Proc  Boy, 
Soc,  voL  Ix.,  pp.  453-467  :  1897. 
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I.  II.  III.           IV.               V. 

SiOa          -         -     46-39  47-28  4812        50-78            47-18 

TiOj  -         -       0-26  0-28 

AI3O3       -         -     26-34  2111  23-40         1716 

CrjOj       -         -     trace 

FejOj       -         -       202  3-52  ..             315 

FeO          -         -       3-15  3-91  328          761          .      .. 

MnO                  -       0-14  0-15  1-68 

MgO         -                4-82  8-06  5-31           7-16 

OaO          -         -     15  29  13-42  15-43         10-28            1159 

NajO       -                1-63  1-52  186  \ 

K3O         -         -       0-20  0-29  003/ 

XT  r\S  «^l>ove  105°    048  0*53  1  «  .q           1  oa  /•      \ 

^^^  1  at  105°  -      0-10  0-13  }  ^'^^          ^'^^  (^•)  1  O-IO 

P2O5        -         -     trace  trace 


2-61 


100-82       100-20        99-59         9995 


Specific  gravity         2*85  2-90  . .  282 

I.  Olivine-Gabbro  of  Guillin  laccolite,  west  bank  of  Sligachan  Biver, 
just  below  Allt  Goire  Riabhaich  [8043]:  anal.  W.  PoUard, 
Svmvnw/ry  of  Progress  of  Geol.  Sv/r,  for  1899,  p.  173.  See 
Fig.  21,  below. 

II.  Olivine-Gabbro  of  Guillin  laccolite,  floor  of  Coir*  a'  Mhadaidh 
[8194]:  anal.  W.  Pollard,  ibid.,  p.  174. 

III.  Gabbro  of  Guillin  laccolite,  Loch  Scavaig  [probably  olivine- 
gabbro ;  specimen  not  seen] :  anal.  S.  Haugnton,  DM,  Qitart, 
Joum,  Set.,  vol.  v.,  p.  94 :  1865.  Analyses  of  the  felspar  and 
augite  of  this  rock  are  quoted  below. 

lY.  Gabbro  of  Broadford  boss,  near  mouth  of  Allt  Mhic  Leanain,  H 
mile  N.W.  of  Broadford  [8950] :  anal.  T.  Baker. 

V.  Gabbro  of  offshoot  from  Broadford  boss,  traversing  the  dolomitic 
limestone,  west  bank  of  Lochain  Beinn  na  Gaillich  [8692] : 
partial  anal,  by  W.  Pollard. 

its  own  volume  of  mixed  gases,  of  which  21-6  per  cent,  was  found 
to  be  carbon  dioxide  and  the  rest  chiefly  hydrogen,  with  some 
carbon  monoxide,  nitrogen,  and  marsh  gas.  These  figures  are 
equivalent  to  about  0*02  in  a  percentage  analysis  of  the  rock. 
Helium  was  sought  spectroscopically  but  not  detected. 

In  Sir  J.  Norman  Lockyer's  spectra  of  our  gabbros,  I.  and  II.,  the 
chromium  lines  are  very  prominent,  while  vanadium  and  strontium 
are  more  faintly  but  distinctly  indicated.  The  titanium  lines  are 
distinct,  but  not  so  strong  as  in  some  other  rocks  (especially  the 
intrusive  sills  to  be  described  later),  in  which  a  relatively  high 
percentage  of  that  element  has  been  directly  estimated.  A  com- 
parison of  the  several  photographs  shows  indeed  that  spectroscopic 
analysis  under  given  conditions  has  a  certain  quantitative  as  well 
as  qualitative  value. 
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The  first  three  columns  in  the  Table  show  decided  differences  in 
some  particulars ;  and  a  comparison  of  thin  slices  enables  us  to  see 
how  variation  in  chemical  composition  has  given  rise  to  variation 
in  the  relative  proportions  of  the  constituent  minerals.  The 
significant  figures  in  this  connection  are  those  for  alumina, 
magnesia,  and  alkalies ;  for  the  two  chief  minerals  of  the  rocks, 
viz.  labradorite  and  augite,  do  not  differ  much  in  their  content  of 
silica  and  of  lime,  and  any  excess  of  iron-oxides  can  be  disposed  of 
in  the  form  of  magnetite.  Thus  the  first  rock  is  more  felspathic 
than  the  second.  By  the  kindness  of  Professor  Sollas  we  are  able 
to  give  the  results  of  a  direct  mineral  analysis  made  by  him  with 
the  apparatus  and  methods  which  he  has  devised.*  The  percentage 
mineral  (Composition  of  the  first  rock  [8043]  is  as  follows : — 

Labradorite,  sp.  gr.  2*735  to  274       -         -  79*50 

Augite  and  olivine,  3*21  to  3'335       -         -  16*18 

Enstatite,  3*0 2*10 

Magnetite       - 2*40 

100-18 

It  is  worthy  of  remark  that  the  occurrence  of  a  second  pyroxene, 
which  had  escaped  detection  in  the  microscopical  examination,  was 
first  established  by  this  direct  isolation  of  the  mineral.  The  second 
rock  [8194],  owing  to  the  presence  of  serpentine  and  other  altera- 
tion-products, presented  more  difficulty  in  its  mechanical  analysis. 
Professor  Sollas  found : — 

Labradorite,  sp.  gr.  2*737  -  -  -  65*96 
Augite,  sp.  gr.  3*280  -  .  .  -  32*43 
Magnetite 1*61 

100*00 

The  Skye  gabbros  have  a  quite  simple  mineralogical  composition. 
A  plagioclase  felspar,  usually  labradorite,  and  augite  are  the 
constant,  and  sometimes  the  only  noteworthy  constituents.  Olivine 
and  magnetite  occur  very  frequently,  but  not  often  in  any  great 
abundance;  while  hypersthene,  hornblende,  biotite,  sphene,  apatite, 
ilmenite,  pyrite,  garnet,  orthoclase,  and  quartz  are  only  of  excep- 
tional occurrence.  To  these  may  be  added  the  common  alteration- 
products  of  the  minerals  named,  although  most  of  the  rocks  are  in 
a  good  state  of  preservation.! 

Those  petrologists  who  lay  stress  on  the  presence  or  absence  of 
olivine  would  place  the  Skye  gabbros  under  two  heads  accordingly, 
but  such  a  subdivision  does  not  appear  to  us  to  offer  any  advantages 

*  Quart.  Joum,  Geol.  Soc,  vol.  Iviii.,  pp.  163-176  :  1902.  In  the  paper  as 
published  there  are  certain  clerical  errors,  which  are  here  corrected. 

t  Grood  coloured  plates  of  olivine-gabbros  from  Loch  Coruisk  are  given  in 
TeaU's  British  Petrography,  PI.  XVIII.,  Fie.  1,  and  XXV. :  1888.  A  general 
account  of  the  gabbros  of  the  Western  isles  of  Scotland  is  contained  in 
papers  by  Professor  Judd  (1885,  1886),  and  examples  from  Skye  had 
previously  been  described  by  Professor  Zirkel  (1871). 
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in  this  case.  The  presence  or  absence  of  olivine,  except  where  it 
occurs  in  abundance,  does  not  seem  to  be  very  closely  connected 
with  other  petrographical  characters  in  the  rocks.  In  the  very 
complex  mass  building  the  Cuillins  and  their  branch  ridges  gabbros 
with  and  without  olivine  are  intimately  associated,  the  former, 
perhaps,  predominating:  the  rock  forming  the  smaller  mass  to 
the  north-west  of  Broadford  is,  at  least  in  the  main,  free  from  that 
mineral.  In  the  description  which  follows  we  shall  generally  treat 
the  rocks  as  a  whole,  whether  they  occur  in  laccolitic  or  sheet-like 
form,  as  in  the  Cuillins,  or  with  boss-like  habit  as  in  the  Broadford 
district.  As  regards  the  most  common  types,  the  same  description 
will  apply  in  general  to  all  the  occurrences.  As  regards  varietal 
forms,  however,  there  are  differences  which  may  be  significant. 
The  rocks  are  much  more  variable  in  the  Cuillins  (including  the 
Blaven  range)  than  elsewhere.  Not  only  does  the  great  laccolite 
consist  of  numerous  distinct  intrusive  sheets  which  often  differ  from 
one  another,  but  these  also  display  in  some  cases  considerable  varia- 
tion in  the  parts  of  one  mass.  The  Broadford  boss  is  much  more 
uniform,  and  indeed  shows  very  little  variation  except  a  transition 
to  the  diabasic  type.  Unlike  the  Cuillin  mass,  it  is  in  general  free 
from  olivine.  Of  the  smaller  intrusions,  it  may  be  mentioned  that 
the  irregular  sheets  on  Beinn  na  Cro  have  more  variety  of  character 
than  the  boss  just  referred  to,  but  without  the  extreme  modifica- 
tions met  with  in  the  great  laccolite :  olivine  was  found  in  one 
specimen  only,  a  rock  with  "  eyes  "  of  coarser  texture  seen  in  the 
lowest  exposure  on  the  Strath  MOr  side.  The  smaller  intrusions 
of  the  district  exhibit  a  general  uniformity  of  petrographical 
characters. 

We  shall  first  describe  severally  the  component  minerals  of  the 
rocks. 

In  most  of  the  gabbros  the  felspar  has  partially  idiomorphic 
outlines  with  the  usual  crystal-habit.  The  carlsbad,  albite,  and 
pericline  twin-laws  are  found,  often  in  combination.  In  a  large 
proportion  of  the  more  typical  gabbros  the  crystals  constantly 
show  the  albite-lamellation  and  very  commonly  the  carlsbad  twin 
in  addition,  while  pericline  lamellae  occur  less  generally,  usually 
in  the  larger  and  broader  crystals,  often  affecting  only  a  portion  of 
the  crystal  or  not  passing  completely  across  it.  Many  examples 
have  been  observed,  however,  in  which  only  pericline,  or  pericline 
with  carlsbad,  twinning  is  present,  or  in  which  the  albite- 
lamellation  is  subordinate  to  the  other ;  and  it  is  never  safe  to 
assume  that  a  single  set  of  lamellee  in  a  crystal,  or  the  more 
prominent  and  constant  of  two  intersecting  sets,  is  necessarily 
that  corresponding  with  the  albite-law.  If  the  crystal  is  twinned 
on  the  carlsbad  law,  the  albite  and  pericline  lamellsB  are  of  course 
easily  distinguished ;  in  other  cases  the  discrimination  can  often 
be  made  by  reference  to  the  optical  orientation,  using  a  quartz- 
wedge  or  a  quarter-undulation  plate.  Neither  the  direction  of 
elongation  of  the  section  nor  the  parallelism  of  twin-lamellae 
with  cleavage-traces  affords  a  criterion  that  can  be  trusted.  It  has 
been  found   necessary  to  bear  this  point  constantly  in  mind  in 
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taking  observations  of  extinction-angles  in  rock-slices  with  the 
view  of  identifying  the  various  kinds  of  felspar. 

The  most  usual  inclusions  in  the  felspars  are  merely  of  the 
earlier-crystallised  minerals  of  the  rock,  but  fluid-cavities  are  also 
found,  sometimes  with  mobile  bubbles. 


I. 

II. 

III. 

A. 

B. 

SiOj 

-     63-60 

49*155 

50-811 

47*90 

45*87 

A1,0, 

-    29-88 

29*62 

29*48 

31-30 

34-73 

Fe,0, 

*                          •      • 

1152 

0*252 

trace 

•  • 

FeO  - 

-      0-20 

•  • 

•  • 

• . 

•   • 

MgO 

007 

0*911 

0*124 

1-16 

1-55 

CaO  - 

-     1102 

15-309 

12*69 

11-22 

17-10 

N»,0 

4-92 

2*914 

3*922 

396 

•      • 

KjO 

-       0-80 

0*695 

0552 

0*98 

•      • 

11,0 

0-48 

0*73 

2-481 

1*54 

•      • 

100-97 

100*486 

100*292 

9806 

99*25 

SjHH\  jn*av.  2*715 

I.  Labnidorito,  Loch  Scavnig:  anal.  S.  Haughton,  DtM,  Quart: 
Joutn,  Sci.f  vol.  v.,  p.  94:  1865.  From  the  gabbro  of  which 
a  bulk-analysis  is  given  above  (p.  103). 

11.  **  liiibKiilorito/'  Harta  Corrie:  anal.  M.  F.  HeddJe,  Tran$.  Roy. 
iSpo.  A*(/iii.,  vol.  xxviii.,  p.  253:  1877.  In  the  original  the 
total  is  erroneously  given  as  100*386. 

III.  Ijabradorite,  near  head  of  Loch  Scavaig:   anal.  M.  F.  Heddle, 

A.  Udu-adorito,  Iknnn  Mor,  Mull:  anal.  J.  F.  Brooks,  Quart, 
Jotirn.  fiVi»/.  Soc.f  vol.  xlii.,  p.  64:  1886. 

U.  Anorthito,  Oarliugford  :  anal.  S.  Haughton,  Quart,  Jounx,  Gecl, 
SiW.  vol.  xii.,  p.  196:  1856. 

Tlu*  iS»mu\on  varieties  of  felspar  in  the  Skye  gabbros  are,  as  a 
rule,  labniiK^rito.  This  is  illustrated  by  the  three  analyses  quoted, 
altho\igh  the  second  one  (evidently  made  on  material  not  quite  free 
t'lHuii  ftiigite)  falls  rather  between  labradorite  and  bytownite.* 
The  o|>t\oal  i)roperties,  however,  are  sufficient  to  show  that  there 
is.  in  (UtleriMit  rocks,  a  considerable  range  of  composition.  In 
hi»mo  or  the  more  basic  types  bytownite  and  anorthite  occur, 
thouf(h  tlu\v  are  far  less  common  than  labradorite.  On  the 
tithtM'  luuiil,  the  light-coloured  veins  which  often  traverse  the  more 
luiriual  gabbnts  usually  have  more  acid  felspars.  In  some  of  them 
labradorite  is  accompanied  by  oligoclase  or  andesine,  while  in 
olhers  oligiH'lase  becomes  the  dominant  constituent,  and  more 
huriio  folspars  may  be  wanting.  In  these  veins  too,  and  not 
elrinwhort^  among  the  gabbros,  we  sometimes  find  orthoclase. 

*'rim  I luHuuinalyHos  correspond  approximately  with  AbgAng,  AbsAn?, 
Hiiii  Al»».\iu,  roMpoctively.  For  the  telsjMir  of  a  gabbro  in  the  lower  part  of 
Alt!  Tniro  iia  Haiiachdich  the  specific  gravity,  carefully  determined  by  F^f. 
NnllaH,  iri  si '708,  and  the  extinction-angle  on  the  basal  cleavage  21^,  corre- 
Hpiiiiiliiitf  with  bytownite  of  composition  AbiAni. 
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Not  infirequently  the  marginal  portion  of  the  crystal  is  of  a 
somewhat  different  composition  from  the  interior,  and  in  that  case 
always  less  basic.  The  difference  is  as  a  rule  small,  but  in  a  few 
cases  considerable — e.ff.,  labradorite  bordered  by  andesine,  as 
shown  by  the  extinction-angles.  The  zonary  banding  seen 
between  crossed  nicols  does  not  on  rotation  disappear  at  the  same 
time  as  the  twin-lamellation,  and  therefore  is  not  due  merely  to 
ultra-microscopic  or  molecular  twinning. 

We  shall  notice  below  that  both  albite  and  pericline  lamellation 
have  occasionally  been  brought  about  as  secondary  effects,  due  to 
the  stresses  which  have  operated  on  the  rock-masses. 

The  common  ferro-magnesian  element  of  the  Skye  gabbros  is 
augite.  It  is  always  present,  and  usually  to  the  exclusion  of 
rhombic  pyroxenes,  original  hornblende,  and  biotite.  Very  often, 
and  especially  in  the  rocks  of  coarser  texture,  it  is  more  or  less 
affected  by  the  so-called  **  schiller  "-structures,  and  has  in  conse- 
quence a  sub-metallic  lustre.  This  peculiarity  led  Macculloch  and 
other  early  writers  to  regard  the  mineral  as  hypersthene, 
and  to  style  the  rocks  in  question  hypersthene-rocks  or 
hypersthenites.  Modem  methods  of  optical  examination  have 
proved  that  the  pyroxene  is  not  a  rhombic  but  a  monoclinic  one. 
Des  Cloizeaux,*  writing  in  1862,  says: — "  A  specimen  labelled 
hypersthene  from  the  Isle  of  Skye,  from  the  Museum  at  Paris, 
gave  me  all  the  charaq^rs  of  a  [monoclinic]  pyroxene,  with 
cleavages  parallel  to  the  faces  m,  A^,  and  g^  [the  prism  and  the 
two  pinacoids],  and  obliquity  of  the  system  of  rings  as  seen 
through  k^"  Subsequently  Zirkel  and  Judd  found  that  this 
monoclinic  pyroxene  is  the  dominant  one,  the  rhombic  mineral 
being  of  exceptional  occurrence.  This  indeed  might  be  inferred 
from  the  content  of  lime.  The  analyses  I.  to  VI.,  quoted  below, 
show  that  the  lime  makes  about  20  per  cent.,  while  the  magnesia 
is  14  to  16  per  cent.,  and  the  ferrous  oxide  ranges  from  9  to  14 : 
further,  that  the  alumina  is  quite  low.  The  dominant  pyroxene 
of  the  gabbros  is  therefore  a  malacolite  with  a  moderate  amount 
of  iron.     The  molecular  ratios 

FeO  :  MgO  :  CaO 

range  in  the  six  analyses  from 

0-55  :  105  :  1*00 
to  0-34  :  111  :  100, 

and  it  is  noticeable  that  they  do  not  give 

FeO  +  MgO  =  CaO, 

as  required  by  Tschermak's  formula.f 

*Manud  de  minSralogu,  vol.  i.,  p.  68. 

t  Compare  Teall's  remarks  on  the  ausite  of  the  Whin  Sill,  a  rock  presenting 
numerous  analogies  with  the  Skye  gabbros.  QimH,  Joum.  Oeol,  Soc.,  voL  xL, 
pp.  648,  649 :  1884. 
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L 

11. 

III. 

IV. 

V. 

VI. 

Vll. 

SiO,     - 

51*30 

50-80 

53046 

51-362 

51*936 

49-268 

•  • 

TiOa     - 

•   • 

•   t 

•      • 

•  • 

0-38 

•  • 

•  • 

AlaO,  . 

.  0-76 

3-00 

4-816 

1-662 

1*322 

0-222 

11-45 

Fe^Oa  - 

•   • 

•   • 

•   • 

•   • 

•   • 

2-17 

.^ 

FeO     - 

13-92 

9-61 

11-389 

8-968 

13-9 

12-15 

1417 

MnO    - 

0-25 

1-08 

0078 

0-332 

0-25 

0*381 

•      • 

MgO    - 

14-85 

1506 

11-576 

16-471 

13*85 

14-812 

«     • 

CaO     - 

2015 

19-35 

19-808 

20-837 

19*363 

20-256 

•      • 

NajO  - 

•   • 

0-44 

•   • 

t   • 

•   • 

•   • 

•      « 

KaO    - 

•   • 

0-22 

•   • 

•   • 

•   • 

•   • 

■      • 

HaO    - 

0-21 

0-60 

0-626 

0-54 

0-2 

0-719 

•      • 

101-44 

100-16 

101-339 

100-172 

101-252 

99978 

•      • 

Sp.  gr.  - 

3-34 

• 

3-3293 

3-329 

3*335 

3*321 

•      • 

I.  ^'Diallage,  Skye":  anal.  G.  vom  Rath,  cU,  Rammelsberg, 
Ilandbuch  der  Mineralchemie,  p.  465 :  1860. 

II.  Augite,  Loch  Scavaig :  anal.  S.  Haughton,  DubL  Quart.  Joum, 
Sci,^  vol.  v.,  p.  95:  1865.  From  gabhro  of  which  bulk- 
analysis  is  given,  p.  103. 

III.  Augite,  "in  large  lustrous  greyish-green  crystals,"  Coire  na 

Creiche :  anal.  M.  F.  Heddle,  Trans.  Roy.  Soc.  Edin,^  vol. 
xxviii.,  p.  479:  1879. 

IV.  Augite,  "  in  large  green  crystals  which  weather  pale,  and  assume 

on  an  outer  film  a  lustre  which  is  metallic  and  somewhat 
bronzy,"  Harta  Oorrie :  anal.  M.  F.  Heddle,  ibid. 

V.  Augite,  "  slightly  weathered,  with  a  brownish-green  colour,  and 
a  slightly  bronzy  lustre,"  Druim  nan  Ramh :  anal.  M.  F. 
Heddle,  ibid,,  p.  480. 

VI.  Augite,  "  large,  dark-green,  cleavable  masses,"  from  near  the 
shores  of  Loch  Scavaig :  anal.  M.  F.  Heddle,  ibid. 

VII.  "  Diallage,"  Skye :  anal.  F.  Herwig,  Programm  dea  k.  Gymnasium 
Saarbriicken^  1884  ;  cit,  Zeits.f.  Kryst.y  vol.  xi.,  pp.  67,  68: 
1886.  [It  is  not  stated  that  this  minei-al  was  from  the 
gabbro.] 

The  augite  crystals  are  as  a  rule  allotriomorphic,  and  often  tend 
to  enwrap  the  felspars.  Twinning  parallel  to  the  orthopinacoid  is 
found,  but  not  very  frequently.  The  prismatic  cleavage  is  occa- 
sionally supplemented  by  others,  much  less  perfect,  parallel  to  the 
two  pinacoidal  forms.  Exceptionally  a  parting  parallel  to  the  ortho- 
pinacoid almost  supersedes  the  ordinary  augite-cleavage,  and  this 
is  associated  with  a  sub-metallic  lustre  on  the  planes  of  parting 
(diallage).  Zirkel  describes  the  examples  collected  and  examined  by 
him  as  for  the  most  part  diallagic.  Professor  Judd,  speaking  of  the 
peridotites  and  gabbros  of  the  Western  Isles  collectively,  recognises 
both  augite  proper  and  diallage,  and  ascribes  the  peculiar  nature  of 
the  latter  to  a  system  of  "  schiller  "-inclusions  arranged  parallel  to 
the  orthopinacoid.  He  adds  that  in  the  central  portion  of  the 
Skye  gabbro  the  augite  exhibits  a  still  further  modification.     "  In 
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addition  to  the  enclosures  along  the  planes  parallel  with  the  ortho- 
pinacoid,  other  enclosures  make  their  appearance  in  planes  cutting 
these  at  an  angle  of  87^^  [?  90°],  or  parallel  with  the  clinopinacoid. 
.  .  .  Frequently  another  set  of  enclosures  may  be  detected  as 
making  their  appearance  along  a  third  set  of  planes,  which  appear 
to  be  parallel  to  the  basal  plane."  *  For  this  variety  he  adopts 
Dana's  term  pseudo-hypersthene.  It  does  not  appear  from  our 
study  of  the  Skye  gabbros  that  the  diallage-structure,  though  it  is 
often  found  (Plate  XVIII.,  Pig.  5),  is  the  most  usual  modification  of 
the  augitic  constituent.  Much  more  conmaon  is  what  may  be 
called  the  salite-structure,  which  appears  in  thin  slices  as  a  delicate 
striation  parallel  to  the  basal  plane  (Plate  XVIII.,  Fig.  4).  The 
same  remark  applies  to  some  other  British  gabbros,  including  those 
of  Carrock  Fell  and  St  David's  Head.  The  basal  striation  is 
described  by  Mr  Teall  in  the  Whin  Sill,  and  has  been  noted  in 
other  rocks  by  many  observers.  The  structure  has  been  variously 
explained  as  due  to  a  minute  parallel  intergrowth  of  two  different 
minerals,  to  exceedingly  fine  twin-lamellation,  or  to  a  system  of 
minute  parallel  inclusions.  A  large  number  of  slices  of  the  Skye 
gabbros  have  not  enabled  us  to  establish  any  conclusion  as  regards 
the  true  nature  of  the  structure.  A  parallel  intergrowth  of  augite 
and  hypersthene  would  accord  well  with  the  chemical  composition 
of  the  mineral,  which  shows  a  striking  deficiency  in  lime  as  com- 
pared with  the  ideal  formula  of  a  malacolite ;  but  the  perfectly 
normal  optical  orientation  of  the  crystals  seems  to  negative  such  a 
supposition.  In  many  of  our  rocks  the  basal  striation  is  accom- 
panied by  a  set  of  microscopic  inclusions,  also  parallel  to  the  basal 
plane;  but  in  other  cases  such  inclusions,  if  they  exist,  are  so 
minute  as  to  evade  observation,  and  there  is  nothing  to  suggest 
that  the  striation  is  necessarily  dependent  upon  them.  Professor 
Judd's  viewt  seems  to  be  that  a  fine  lamellar  twinning  is  first 
produced,  parallel  to  the  basal  plane,  and  that  this  direction  there- 
upon becomes  a  "solution-plane  "  or  plane  of  chemical  weakness, 
along  which  **  schillerisation  "  is  subsequently  set  up. 

The  geologist  just  named  holds  the  schiller-inclusions  to  be  of 
secondary  origin.  Without  entering  into  a  complete  discussion  of 
this  question,  we  may  briefly  express  our  opinion  that  the  argu- 
ments advanced  in  support  of  this  theory  by  no  means  carry 
conviction.  The  fact  that  the  peculiarity  in  question  often  affects 
only  a  portion  of  a  crystal,  sometimes  with  a  capricious  distribution, 
does  not  seem  to  be  inconsistent  with  the  primary  origin  of  the 
phenomenon.  Again,  although  it  is  true  that  the  alteration  of 
augite  along  cleavage-  and  other  cracks  sometimes  gives  rise  to 
minute  inclusions,  these  are  not,  in  the  examples  which  we  have 
examined,  of  a  kind  comparable  with  those  under  discussion.  The 
bronzy  lustre  sometimes  seen  in  the  field  is,  however,  due  to  a 
surface-tarnish. 

The  augite  of  the  gabbros  proper  (as  distinguished  from  diabasic 
varieties)  usually  has  a  more  or  less  evident  striation,  either  basal, 

*  Quart.  Joum,  Oeol.  flfoc.,  vol.  xli.,  p.  379  :  1885, 
t  Min.  Mag.,  vol  ix.,  pp.  192-196 :  1890. 
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or  less  frequently  orihopinacoidal,  or  sometimes  both.  The 
structure  is  most  pronounced  in  the  coarser-textured  rocks,  and 
especially  in  the  interior  of  the  great  gabbro  mass,  though  it  is  not 
invariably  very  marked  there.  This,  as  Professor  Judd  remarks, 
implies  that  it  is,  in  some  measure  and  in  some  manner,  connected 
with  the  depth  at  which  the  rocks  were  originally  situated.  When 
either  the  salite-structure  or  the  diallage-structure  is  strongly 
developed,  the  mineral  exhibits  in  hand-specimens  a  sub-metdlic 
lustre,  often  with  a  bronzy  colour.  Otherwise  it  has  the  ordinary 
appearance  of  augite,  black,  or  dark  green,  or  with  a  rusty  tinge. 

We  have  observed  nothing  which  seems  to  prove  a  secondary 
origin  for  either  salite-  or  diallage-  structure,  or  for  the  schil- 
lerisation  which  may  accompany  them :  on  the  other  hand,  there 
are  various  circumstances  which  lead  us  to  regard  them  as  original. 
One  point  only  may  be  noticed  here.  Crystals  of  augite  picked  up 
from  the  gabbro  by  a  granitic  magma,  and  thereby  converted  into 
hornblende,  are  found  exhibiting  the  traces  of  basal  striation, 
marked  out  by  a  schiller-structure.*  Since  the  intrusion  of  the 
granite,  according  to  all  the  evidence,  followed  the  gabbro  after 
only  a  short  interval,  this  goes  far  towards  establishing  the 
structures  in  question  as  of  primary  origin. 

In  thin  slices  the  augite  is  pale  brown  to  nearly  colourless, 
without  sensible  pleochroism.  The  extinction-angle  c  jC  is  39°  or 
40°.  Herwig  found  for  a  "  diallage  "  from  Skye  the  abnormally 
high  angle  51°  25',  but  the  specimen,  if  frx)m  the  gabbro,  was 
evidently  an  exceptional  one,  as  appears  from  the  partial  analysis 
quoted  above  (VII.).  In  a  large  number  of  cases  tested  the  axis  of 
elasticity  nearest  to  the  vertical  axis  has  always  been  found  to  be 
iC,  not  a. 

The  augite  is  not  often  chloritised  or  serpentinised.  Magnetite- 
dust  or  some  other  finely  divided  opaque  matter  disseminated 
through  the  crystals,  or  through  parts  of  them,  is  sometimes 
found,  and  is  probably  a  result  of  alteration.  The  most  common 
(change  in  the  mineral,  however,  is  a  partial  or  even  total  conver- 
Hion  to  hornblende,  green,  or  greenish-yellow,  or  greenish-brown. 
Whotlier  fibrous  or  compact,  this  is  always  formed  in  the  usual 
crystallographic  relation  to  the  augite,  viz.  with  the  b  and  c  axes 
common  and  the  basal  planes  (as  usually  taken)  inclined  in 
opposite  directions.  Thus  in  a  clinopinacoidal  section  the 
extinction-angles,  39°  or  40°  for  the  augite  and  14°  to  16°  for 
the  hornblende,  are  on  the  same  side  of  the  vertical.  A  brown 
hornblende,  which  seems  to  be  original,  is  occasionally  found  in 
small  patches  intergrown  with  the  augite  according  to  the  same 
law.  Biotite  seems  to  be  wholly  wanting  among  the  normal 
rocks,  though  it  is  found  near  contacts  with  basalt,  etc.,  and  in 
some  of  the  metamorphosed  gabbros. 

Although  Macculloch  and  others,  working  without  the  advantage 
of  modem  methods  of  precision,  erred  in  regarding  the  dominant 
pyroxene  of  the  Cuillins  as  hypersiheTie,  they  were  not  without 

♦  Quart,  Joum.  Oeol  Soc.,  vol.  lii.,  p.  324  ;  PI.  XIII.,  Fig.  3  :  1896. 
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warrant  in  recording  the  occurrence  of  that  mineral.  This  is 
proved  by  the  analysis  quoted  below,  which  is  clearly  that  of  a 
hypersthene  belonging  to  the  highly  ferriferous  variety  for  which 
Professor  Judd  has  revived  vom  Bath's  name  amblystegite. 
Professor  Judd  has  himself  recorded  this  mineral  from  the  gabbros 
of  Loch  Coruisk.* 

SiO^  -  -  -  -  51-31.8 

FeO  .  -  -  -  33-924 

MgO  -  -  -  .  11-092 

CaO  -  -  -  -  1-836 

HjO  -  -  -  -  0-500 


98-700 


Specific  gravity         -        -  3*338 

Hypersthene  (amblystegite),  Cuillins :  anal.  Thos.  Muir,  Thom- 
son's Outlines  of  Mineralogy,  vol.  i.,  p.  202  :  1836.  [In  the 
paper  by  von  Oejmhausen  and  von  Dechen  (Karsten's 
Archiv  fur  Minerabgie,  etc.,  vol.  i.,  p.  74:  1829)  this 
analysis  is  wrongly  ascribed  to  Thomson.  Further,  the 
item  AljOo  1*300  is  inserted,  apparently  in  order  to  make 
up  the  100  per  cent.,  although  the  total  is  still  given  as 
98*700.] 

The  molecular  ratio  FeO  :  MgO  H-  CaO  given  by  this  analysis  is 
about  1-52  :  1*00. 

The  rhombic  pyroxene  seems  to  be  rather  rare  in  the  Skye 
gabbros.  In  some  other  parts  of  the  Western  Isles  it  appears, 
according  to  Professor  Judd,  to  be  more  widely  distributed,  though 
it  is  perhaps  more  frequently  associated,  with  ultrabasic  than  with 
basic  rocks.  Only  one  of  our  specimens,  from  Coire  na  Banachdich 
[2637],  has  hypersthene  as  the  dominant  pyroxenic  constituent. 
The  crystals  are  idiomorphic,  though  not  perfectly  bounded.  Two 
varieties  occur  side  by  side;  the  one  clear  and  showing  pale  tints 
in  thin  slices;  the  other  deeply  coloured,  with  a  strong  "schiller" 
structure  parallel  to  the  orthopinacoid,  and  also  densely  charged  at 
the  margin  and  along  cracks  with  finely-divided  magnetite, 
evidently  due  to  secondary  alteration.  The  pleochroism-scheme,  so 
far  as  it  can  be  made  out,  is: — 

Pale  crystals.  Deeply  coloured, 

}X  =  a        -         Pale  rose.  Deep  brown  (with  a 

greyish  tone), 
b  =-  //        -         Very  pale.  Beddish  brown. 

C  =  c        -         Very  pale  apple-green.  ? 

A  rhombic  pyroxene  occurs  as  a  subordinate  accessory  mineral  in 
some  other  gabbros  examined  from  the  Cuillins.     In  the  analysed 

♦  QuaH.  Joum.  Qtol.  5bc,  vol.  xli.,  pp.  380,  413  ;  PI.  XI.,  Figs.  7,  8  :  1885. 
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rock  [8043],  where  it  forms  2  per  cent.^  it  is  an  enatatite,  as  appears 
clearly  from  its  low  specific  gravity  (3-0). 

Olivine  is  a  very  frequent  constituent  of  the  Skye  gabbros,  though 
less  constant  than  might  be  expected  from  the  accounts  given  by 
Zirkel  and  Judd  *  As  usual,  it  is  strictly  idiomorphic,  but  with  a 
strong  tendency  to  rounded  outlines.  There  is  rarely  any  appear- 
ance of  regular  cleavage-cracks.  The  commonest  inclusions  are 
minute  flat  rectangular  cavities  containing  dendritic  growths  of 
magnetite.t  There  is  often  also  a  copious  separation  of  magnetite 
dust  in  cracks  and  at  the  margin  of  a  crystal,  this  being 
evidently  a  secondary  phenomenon  (Fig.  21).  It  may  be  taken 
as  indicating  that  the  olivine  is  a  variety  rich  in  iron,  and,  although 
there  are  no  published  analyses  of  Skye  olivines,  this  is  borne 
out  by  the  high  density  of  the  mineral  in  our  gabbros.  The 
olivine  of  the  analysed  rock  [8043]  sinks  in  a  liquid  of  specific 
gravity  3*44.  An  olivine  analysed  by  Heddlet  from  the  neighbour- 
ing island  of  Rum,  with  18*7  per  cent,  of  ferrous  oxide  and  2'9 
of  ferric,  gave  the  specific  gravity  3*327:  this  was  from  the 
peridotite  group. 

The  olivine  is  often  fresh,  and  then  sensibly  colourless  in  thin 
slices.  The  commonest  change  is  the  separation  of  iron-oxide 
already  mentioned.  Complete  destruction  of  the  mineral  sometimes 
gives  rise  to  pseudomorphs  of  green  or  yellow  or  brown  serpentine, 
the  secondary  magnetite  being  largely  reabsorbed.  In  other  rocks 
round  pseudomorphs  of  fibrous  (pilitic)  hornblende  seem  to 
represent  vanished  grains  of  olivine.  A  third  kind  of  transforma- 
tion is  of  rarer  occurrence :  e.g.  slide  [2636]  from  Coire  na 
Banachdich.  This  results  in  pseudomorphs  of  wliich  the  chief 
element  is  a  mica-like  mineral  of  yellowish-brown  colour  with  one 
strong  cleavage  and  sensibly  straight  extinction.  The  pleochroism 
is  strong,  vibrations  parallel  to  the  cleavage  giving  the  deeper 
absorption.  Embedded  in  this  substance  are  rounded  patches  with 
a  more  confused  stinicture :  these  too  are  pleochroic,  but  the 
stronger  absorption  is  for  transverse  vibrations.  These  pseudo- 
morphs rt'call  some  described  from  the  olivine-diabases  of  Derby- 
shire,§  and  are  in  some  respects  comparable  with  the  iddingsite  of 
Lawson. 

Original  iron-ores  are  present  in  most  of  the  gabbros,  though 
never  abundant  in  the  normal  rocks  and  often  wanting.  They 
occur  usually  in  irregular  shapeless  grains,  often  moulded  upon  the 
felspar  crystals  and  sometimes  on  the  augite,  proving  that  they  are 
not  very  early  products  of  consolidation.  When  there  is  anything 
of  cM'ystal -outline  to  indicate  the  nature  of  the  mineral  the  forms 

♦  Tlieso  writers,  it  must  be  noted,  deal  with  a  wider  region  than  the  Isle 
of  Skye,  and  both  appear  to  have  paid  special  attention  to  the  rocks  of  Mull. 
Zirkel  states  that  the  Skye  rocks  are  poorer  in  olivine  than  those  of  MulL 
Prof.  Judd,  however,  believes  that  **all  the  gabbros  in  their  unaltered  con- 
dition contained  olivine,  tliough  in  very  varying  proportions."  {Qfkiart  Joum, 
(hoi  Soc,  vol.  xlii.,  p.  62  :  1886.) 

t  See  Judd,  Quart.  Joum.  Geol.  Soc.,  voL  xli.,  PL  XII.,  Fig.  5  :  1885. 

I  Mitv.  Mag.y  voL  v.,  p.  16  :  1884. 

i§  Arnold-Benirose,  Quart.  Jouni.  Oeol.  Soc.^  vol.  1.,  pp.  613  et  seq.  :  1894. 
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are  almost  always  those  of  magnetite,  and  this  may  be 
inferred  to  be  the  common  iron-ore  in  this  group  of  rocks. 
The  characteristic  skeleton  crystals  of  ilmenite  are  rarely  observed 
[e.g.  2635],  but  the  discrimination  of  the  two  minerals  in  rock- 
slices  leaves  much  to  be  desired.  Petrologists  are  not  agreed 
as  to  the  existence  of  **  titaniferous  magnetite,"  as  distinct 
from  a  mixture  of  magnetite  and  ilmenite,  and  some  have 
suggested  the  possibility  of  ultra-microscopic  intergrowths.  We 
have  not  observed  any  appearance  of  visible  intergrowth,  and  the 
iron-ore  of  the  highly  ferriferous  seams  on  Druim  an  Eidhne, 
which  analysis  shows  to  have  the  composition  of  a  miirtiure  of 
the  two  minerals,  behaved  as  a  homogeneous  substance  when 
etched  by  hydrochloric  acid,  the  solution  obtained  containing 
titanic  acid.*  Chromite  has  not  been  detected  in  the  microscopic 
examination  of  the  rocks. 

It  is  a  curious  fact  that  the  gabbros,  even  when  they  do  not 
usually  contain  any  large  proportion  of  iron-ore  minerals,  are 
capable  of  becoming  highly  magnetised.  This  may  be  verified  on 
almost  any  prominent  peak  or  ridge  of  the  Cuillins,  and  accounts 
for  the  fact  that  the  indications  of  the  compass  are  in  such  situations 
wholly  untrustworthy.  The  effects  observed  must  be  ascribed  to 
atmospheric  electricity,  but  the  peculiar  distribution  of  permanent 
magnetism  in  the  rocks  is  not  easily  accounted  for.  It  may  be 
roughly  described  as  equivalent  to  a  number  of  magnetic  poles  of 
both  kinds  scattered  through  the  mass  of  the  rock  without  appear- 
ance of  order  or  regularity,  usually  only  a  few  inches  or  at  most  a 
few  feet  apart.t 

In  this  connection  it  may  be  remarked  that  Sir  A.  Btickerl:  has 
determined  in  his  laboratory  the  magnetic  susceptibility  of  a 
number  of  Skye  gabbros.     Eleven  specimens  from  Loch  Coruisk 

fave.  from  -00049  to  -00684,  with  a  mean  of  -00237.  Four  other 
kye  gabbros  gave  from  -00246  to  -00747,  the  mean  for  the  fifteen 
being  -00323.  The  Skye  basalts  were  not  tested,  but  thirteen  from 
Mull  gave  a  mean  of  -00163 :  it  is  not  clear  whether  these  rocks 
were  lavas  or  sills. 

Apatite  is  never  an  abundant  mineral  in  the  Skye  gabbros,  and 
does  not  occur  in  most  of  the  slides.  Specially  remarkable  is  its 
absence  from  such  highly  basic  modifications  as  the  seams  rich  in 
iron-ore,  just  referr^  to ;  while  it  is  found  frequently,  though 
locally  and  in  no  great  amount,  in  more  acid  members  of  the  group, 
including  the  felspathic  gabbro  veins  which  traverse  the  seams  in 
question. 

One  or  two  exceptional  rocks,  probably  segregation-veins,  contain 
quariz  [2635].  As  usual  in  quartz-gabbros,  this  mineral  occurs  as 
a  constituent  of  micropegmatite,  intergrown  with  felspar  which,  in 
part  at  least,  is  orthoclase. 

Macculloch  recorded  the  occurrence  of  abundant  garnet  in  one 

♦  Geikie  and  Teall,  QuaH.  Joum.  Qtd.  Soc.,  vol.  1.,  p.  662  :  1894. 
t  Barker,  Proc.  (Jamb.  Phil  Soc.,  vol.x.,  pp.  268-278,  PI.  XI.,  XII. :  1900. 
t  Proe,  Boy.  8oc,  vol  xlviii.,  p  521 :  1890. 
H 
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locality.*  Although  Zirkel  throws  doubt  on  the  statement,  and  we 
have  not  succeeded  in  verifying  it  on  the  ground,  it  is  doubtless 
correct.  Cohent  has  given  a  photograph  of  a  garnet,  enclosing 
other  small  garnets,  from  a  "  granulite  "  in  Skye,  doubtless  one  of 
the  **  granulitic  gabbros  "  of  the  Cuillins,  and  probably  from  Druim 
an  Eidhne.  We  shall  see  reasons,  however,  for  doubting  whether 
these  rocks  really  form  part  of  the  gabbro  group. 

The  special  mineralogical  variations  met  with  among  the  rocks 
require  only  a  few  remarks.  Among  the  Skye  gabbros  varieties 
departing  very  notably  from  the  average  as  regards  mineralogical 
constitution  are  of  quite  rare  occurrence,  except  in  connection  with 
the  banded  structure  to  which  we  have  adverted.  A  few  of  these 
exceptional  occurrences  are  worthy  of  mention.  One  variety  is  so 
rich  in  olivine  as  to  be  petrographically  almost  a  peridotite.  Such 
a  rock,  with  specific  gravity  2*925,  occurs  on  the  right  bank  of  the 
Scavaig  River.  A  thin  slice  shows  that  more  than  half  of  it 
(consists  of  fresh  olivine.  The  next  abundant  constituent  is  labra- 
dorite  (not  anorthite  as  in  the  troctolites  in  the  peridotite  group). 
Augite,  of  light  bro\vn  colour  and  with  some  diallagic  structure,  is 
in  rather  subordinate  amount,  forming  spreading  crystal-plates 
which  enclose  the  olivine  in  poecilitic  fashion.  There  are  a  few 
little  octaliedra  of  opaque  black  iron-ore,  apparently  magnetite. 
Next,  a  rock  from  Coire  na  Banaclidich,  already  mentioned,  is  a 
norite,  consisting  of  felspar,  idiomorphic  crystals  of  hypersthene, 
some  strongly  schillerised  and  others  quite  clear,  and  a  small 
amount  of  interstitial  augite  [2637].  It  is  noticeable  again  that 
the  felspar  is  labradorite,  as  in  the  normal  gabbros :  the  norites 
belonging  to  the  peridotite  group  have  anorthite. 

Tlie  texture  a^id  micro-structure  of  the  rocks  exhibit  considerable 
variations.  Among  the  normal  gabbros  a  large  number  of 
examples  have  crystals  measuring  about  -^  inch,  or  ranging  from 
A^  to  y\  inch,  but  much  coarser  rocks  also  occur,  especially  in  the 
heart  of  the  mountains,  the  individual  crystals  being  sometimes  as 
much  as  an  inch  in  length,  or  exceptionally  two  inches.  In  the 
pegmatoid  veins  and  lenticles  occasionally  intercalated  in  the 
normal  massive  gabbbros  crystals  of  augite  sometimes  attain  a 
length  of  six  or  eight  inches.  The  mutual  relations  of  the  two 
principal  constituents  of  the  gabbros  are  not  always  the  same. 
As  a  rule  the  felspar  tends  to  be  idiomorphic  towards  the  augite, 
and  may  be  said  to  be  of  earlier  crystallisation  (Fig.  21).  It  may 
be  remarked,  however,  that  the  "  order  of  crystallisation  "  should 
properly  signify  the  order  in  which  the  several  minerals  began  to 
separate  from  the  molten  magma,  while  the  manner  in  which  the 
crystals  fit  together  can  only  indicate  the  order  in  which  they 
ceased  to  form.     The  fact  that  the  relations  varv  sometimes  in  one 

♦  Description  of  the  Western  Islands  of  Scotland,  vol.  i.,  p.  419  :  1819.  The 
toxt  says  ^^  in  the  hill  Scuir  na  Streigh,"  but  Macculloch  included  under  that 
name  not  only  the  Sgdrr  na  Stri  of  the  Ordnance  Survey,  but  also  Sgiurr  an 
Eidline  and  Druim  an  Eidhne. 

fSammlung  van  Mikrophotographien  der  mikroskopischen  Structur  von 
Mineralien  und  Gesteinen,  3rd  ed.,  PL  V.,  Fig,  4 ;  1891>. 
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and  the  same  thin  slice  leada  to  the  conclnaion  that  the  periods  of 
crystallisation  of  the  several  minerals  (including  the  magnetite) 
overlapped  considerably.  In  some  of  the  coarser  rocks  the  augite 
ia  very  distinctly  idiomorphic  towards  the  felspar,  and  this  is 
notably  the  case  in  many  of  the  pegmatoid  veins  and  streaks.  In 
some  of  the  coarse  and  most  of  the  finer-textured  rocks,  on  the 
other  hand,  the  augite  tends  to  wrap  round  the  felspar,  and  there 
are  diabasic  varieties  in  which  the  atracture  is  frankly  opkitic. 
These  are  found  in  general  only  in  the  marginal  portions  of  the 
complex.  Taken  apart  from  their  associations,  such  rocks  would  be 
styled  diabases,  but  from  the  point  of  view  adopted  they  are 
regarded  as  modified  forms  of  the  gabbroe. 

Sharply  distinguished  from  gabbros  proper  and  diabases  are  the 


probably  a  highly  metamorph- 
oeed  basaltic  lava.  It  con- 
Biate  essentioUj  of  a  granulitic 
aggregate  of  Ubradorite  and 
augite,  with  little  octahedra  of 
magnetite. 


Fro.  21.— [8043]  »  20.  Olivine- 
Gabbro,  west  bank  of  Sligachan 
River,  just  below  Allt  Coire 
Riabhach  ;  showing  the  ophitic 
structure.  This  is  the  rock 
analysed  (I.  above),  and  con- 
eiate  of  labradurite,  diallage, 
uliHne  with  secondary  maa- 
netite,  and  a  few  email  crystuis 
of  original  magnetite. 

"  granuljtic  gabbros  "  or,  as  Continental  petrographers  would  name 
them,  "  pyroxene-granulites."  They  are  dark,  dense,  rather  fine- 
grained rocks,  the  individual  crystals  having  diameters  up  to  about 
j^  inch  only,  consisting  of  labradorite  and  augite  (with  basal 
Htriation),  with  little  octahedra  of  magnetite.  The  micro-structure 
ia  of  the  granulitic  hind,  and,  when  either  of  the  principal  con- 
stituents shows  an  approach  to  idiomoq^bism,  it  is  the  augite,  not 
the  felspar  (Fig.  22).  The  true  nature  of  these  rocks  is  a  matter 
of  some  uncertainty,  and  it  is  not  improbable  that  they  are  highly 
altered  representatives  of  basic  lavas  entangled  in  the  gabbro 
complex.  The  occurrence  of  oval  spots  like  mnch-chuiged 
amygdules  lends  colour  to  this  idea.      Sir  A.  Oeikie  and  Mr  Teall* 

•  Qvart.  Joum.  Geol.  Soc,  vol  I,  p.  647  :  1894. 
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were  diaposed  to  discard  this  opinion  in  view  of  the  micro-stractore 
of  the  rocks ;  bnt  the  occnrrences  since  examined  and  mapped  in 
the  western  Cuillins  prove  that  very  radical  transformations  are 
possible  in  the  metamorphism  of  the  basaltic  lavas  by  the  gabbros. 
In  no  case  have  the  granulitic  rocks  in  question  been  observed  to 
intersect  the  gabbros  proper,  though  the  converse  relation  is 
frequently  verified.  It  may  be  that  two  distinct  rocks  have  been 
confused  together,  viz.  a  granulitic  variety  of  the  gabbro  and 
metamorphosed  lava  closely  simulating  it.  Only  those  rocks  have 
been  mapped  as  metamorphosed  basalts  which  afforded  some  positive 
evidence  of  that  origin,  the  rest  being  thrown  in  with  the  gabbro. 
Rosenbuscirs  suggestion*  that  Judd*s  granulitic  gabbros  correspond 
with  the  "  beerbachite "  of  Chelius  (an  aplitic  rock  occurring  as 
small  dykes  and  veins  in  gabbro)  seems  to  be  based  on  a  misunder- 
standing. We  have  not  observed  any  rock  comparable  with 
beerbachite  in  Skye,  the  veins  which  traverse  the  gabbro  being  of 
quite  other  types. 

The  gabbro  contains  in  many  places  irregular  veins  and  streaks 
of  coaree  texture,  which  we  may  term  pegmatoid  gahlrro.  They  are 
not  very  sharply  bounded  against  the  normal  rock,  and  are  doubt- 
less to  be  reganled  as  quasi-contemporaneous  segregation-veins. 
Unlike  most  of  the  gabbro,  they  have  augite  idiomorphic  towards 
felspar,  sometimes  in  imperfectly-built  crystals  six  or  eight  inches 
long.  These  pegmatoid  streaks  have  been  observed  chiefly  in  the 
heart  of  the  gabbro  laccolite.  A  specimen  was  examined  from 
Coire  na  Banachdich  ;  a  coarse  rock  with  augite  crystals  two  inches 
long.  In  a  thin  slice  [2635]  this  augite  is  pale  brown,  with  basal 
striation,  and  there  are  in  addition  pseudomorphs  after  a  rhombic 
pyroxene.  The  felspar  seems  to  be  a  somewhat  acid  labradorite. 
The  iron-ore  is  t  itaniterous,  and  there  are  also  a  few  little  crystals 
of  light  brown  sphene.  The  rest  of  the  interspaces  between  the 
folspar  and  augite  ery5?tals  is  occupied  by  a  delicate  micropegmatite. 
A  point  of  some  interest  is  the  presence  of  rather  numerous  little 
needles  of  apatite,  a  mineral  comparatively  rare  in  our  gabbros, 
tht>ugh  it  in  found  generally  in  the  granites  and  granophyres  of  the 
distriri. 

1  n  many  parts  of  the  mountains  the  gabbro  is  traversed  by  pale 
veins  of  finer  texture,  which  cut  it  sharply  {see  Plate  VI,).  They 
cut  all  varieties  of  the  gabbro,  but  never  any  of  the  many  dykes 
and  sluM^ts  of  various  later  ages  by  which  the  gabbro  is  intersected. 
Til  is  nmy  bi»  taken  to  indicate  that  the  veins  are  closely  bound  up 
witii  tlu»  gabbros,  and  belong  to  the  close  of  the  gabbro-epoch,  their 
lu/igina  bi»ing  presumably  a  highly  specialised  derivative  from  the 
gabhro-niagma,  or  representing  its  residual  portion.  They  are  very 
c.onHidt^rably  nion^  acid,  and  have  in  consequence  a  very  different 
niini^ralogi(!al  constitution.  Two  types  of  veins  ar©  to  be  recognised, 
botJi  U)  be  distinguished  from  the  true  acid  veins  (granite  and 
gnuioi)hyrti),  which  belong  to  the  succeeding  epoch,  and  to  which 
tln*y  Hometimes  bear  a  resemblance  at  first  sight. 

*  Mikroaknpiiche  Physiographie  der  Maasigen  Gesteine,   3rd  ed.,   p.  492  : 
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There  are  firstly  veiris  offelspathic  gabbro^  found  in  some  places 
traversing  the  darker  and  more  pyroxenic  normal  rocks.  Besides 
a  paler  colour,  they  have  a  somewhat  finer  texture,  though  not  so 
fine  as  the  other  kind  of  veins  to  be  mentioned.  They  are  less 
common,  and  are  usually  seen  to  be  in  connection  with  rather 
larger  sheet-like  bodies  of  similar  rock,  from  which  they  are  ofi"- 
shoots.  Veins  of  this  kind  on  Druim  an  Eidhne  have  been  described 
by  Sir  A,  Geikie  and  Mr  Teall.*  Petrographically  they  are 
gabbros  of  a  type  poor  in  the  ferro-magnesian  silicates  and  iron- 
oxides.  Further,  they  have  oligoclase  in  some  abundance,  in 
addition  to  labradorite.  The  scanty  augite  seems  to  be  in  part 
proper  to  the  rock,  in  part  picked  up  from  the  normal  gabbros. 
Apatite  is  a  very  noticeable  constituent. 

Secondly,  there  are  white  felspathic  veins,  which  are  more  widely 
distributed  than  the  preceding.  Their  width  is  often  about  an 
inch,  but  they  range  up  to  a  foot  or  more  in  places,  and  also  sink 
to  very  minute  dimensions.  They  frequently  ramify  and  anastomose ; 
and  exceptionally,  when  this  is  carried  to  an  extreme,  the  gabbro 
looks  like  a  breccia  of  angular  fragments  set  in  a  matrix  of  the 
white  felspathic  rock.  The  veins  are  white  or  cream-coloured  and 
of  relatively  fine  texture,  having  often  a  saccharoid  appearance.  In 
some  cases  there  are  also  little  crystals  up  to  |^  inch.  One  specimen 
gave  the  specific  gravity  2*58,  indicating  a  composition  very  difierent 
from  that  of  a  gabbro.  Slices  show  that  the  rocks  consist  essentially 
of  oligoclase  and  orthoclase,  in  about  equal  quantity  or  the  latter 
predominating  [7847].  Quartz  is  never  present.  A  little  augite 
or  uralitic  hornblende  and  magnetite  may  occur,  but  these  are,  at 
least  mostly,  derived  from  the  country  rock.  The  felspars  are  often 
more  turbid  than  is  usual  in  the  felspars  of  the  gabbro.  Epidote 
is  occasionally  found  in  granules,  or  again  in  little  crystals  about 
^  inch  long  [8046]. 

These  lightKJoloured  veins  are  not  equally  common  in  difierent 
parts  of  the  area.  They  are  especially  characteristic  of  the  eastern 
half  of  the  Cuillin  mass,  including  the  Blaven  range. 

We  have  already  alluded  to  the  heterogeneous  appearance  not 
infrequently  observed  in  the  Cuillins  in  what  must  still  be  regarded 
as  a  ifeological  unit,  a  sheet-like  mass  of  gabbro  the  product  of  a 
single  intrusion.  The  heterogeneity  may  show  itself  in  two  ways, 
by  a  patchy,  or  more  frequently  a  banded,  structure  and  by  the 
occurrence  of  true  xenoliths.  •  The  distribution  and  arrangement  of 
the  banded  structure  in  the  gabbros  of  the  Cuillins  have  already 
been  pointed  out :  we  have  now  to  consider  briefly  the  petrographical 
character  of  these  banded  rocks.  In  this  there  is  not  much  to  be 
added  to  the  description  given  by  Sir  A.  Geikie  and  Mr  Teall  of 
the  typical  examples  on  Druim  an  Eidhne. 

As  seen  in  the  field,  the  appearance  is  simply  that  of  alternating 
layers  and  seams  differing  in  texture  and  in  the  relative  proportions 
of  the  component  minerals.    The  latter  difference,  when  noteworthy, 

♦  Quart.  Joum.  Geol  Soc.,  vol  I,  pp.  660,  654  :  1894. 
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is  made  evident  by  difference  of  shade,  lighter  and  darker  bands 
corresponding  with  a  preponderance  of  the  felspathic  and  the 
pyroxenic  constituents  respectively  (see  Plates  V.  and  VI.,  above). 
The  differences  may  be  slight  or  very  considerable,  and  the  width 
of  the  individual  bands  may  vary  within  rather  wide  limits.  When 
this  is  so,  the  greatest  contrasts  in  petrographical  constitution  are 
found  in  connection  with  the  narrowest  bands,  and  the  extreme 
variation,  resulting  in  a  nearly  black  variety  very  rich  in  augite 
and  iron-ores,  is  found  in  thin  seams  only.  In  these  respects  the 
rocks  are  comparable  with  the  banded  peridotites  already  described. 

Conspicuous  banding  in  the  gabbros  is  not  confined  to  the  sheet- 
formed  intrusions  which  compose  the  great  laccolitic  mass :  it  is 
found  also  in  some  of  the  dyke-formed  offshoots  from  the  gabbro, 
which  intersect  the  earlier  peridotite  group  as  already  described. 
The  phenomena  are  well  seen  in  the  glen  immediately  to  the  south 
of  Allt  a'  Chaoich,  near  Loch  Scavaig.  The  apophyses  of  the 
cabbro  at  that  place  are  partly  in  the  form  of  straight  vertical 
dykes,  partly  a  system  of  irregular  ramifying  veins,  and  it  is  the 
former  only  that  display  banding.  These  dykes  of  handed  gahbro 
(Fiff,  23)  are  instructive  for  comparison  with  the  banded  sheets.  A 
single  dyke  shows  considerable  differences  of  composition  in 
successive  bands  parallel  to  the  bounding  walls.  Further,  it  may 
show  considerable  differences  of  texture,  becoming  more  fine-grained 
towanls  the  edge,  and  presenting  a  thoroughly  close-textured 
selvage  indicative  of  comparatively  rapid  chilling.  This  character, 
however,  is  not  always  found,  and  it  may  occur  on  one  side  of  the 
dyke  only :  such  an  asjTiimetric  dyke  is  illustrated  in  the  figure  (A). 
Since  the  dyke  is  not  insinuated  between  two  different  members  of 
the  peridotite  group,  but  cuts  across  the  banded  ultrabasic  complex 
at  a  high  angle,  it  is  clear  that  a  single  intrusion  of  the  gabbro 
magma  would  have  cooled  evenly  at  its  two  edges ;  and  we  are  led 
to  the  conclusion  that  this  dyke  is  the  result  of  more  than  one 
injection,  the  right  (eastern)  portion  being  somewhat  younger  than 
the  left  (western),  though  following  it  so  closely  that  no  very  well 
defined  division  is  to  be  perceived  between  them. 

It  is  worthy  of  note  that  in  this  dyke  the  banded  structure  is 
more  sharply  marked  in  the  earlier  (left-hand)  half.  The  left  and 
right  portions  do  not  perhaps  differ  greatly  in  average  composition ; 
but  the  fonner  presents  a  generally  pale  ground,  in  which  occur 
several  very  conspicuous  dark  seams,  not  much  more  than  ^  inch 
in  width.  That  the  earlier  and  more  rapidly  cooled  portion  is  the 
more  heterogeneous  cannot,  however,  be  ascribed  to  differentiation 
in  j^lace,  for  the  banding  does  not  stand  in  any  evident  relation  to 
t  ho  surface  of  cooling.  One  dark  basic  seam  does  indeed  form  the 
ac^tual  margin,  but  others  no  less  marked  occur  in  the  interior. 

A  good  idea  of  the  actual  range  of  variety  in  the  banded  gabbros 
is  given  by  the  following  chemical  analyses  by  Mr  J.  H.  Player*  of 
bands  occurring  in  close  association  with  one  another  on  Druim-an- 
Kidhne(p.  120). 

♦  Qiutri.  Journ.  Geol.  5oc.,  voL  L,  p.  653 :  ISW. 
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The  third  specimen  is  especially  interesting.  It  is  nltrabasic 
in  the  &shion,  not  of  the  peridotites,  bat  of  the  eruptive  iron-ore 
rocks  descrihed  by  Vogt  from  Norway  and  elsewhere.  The  base 
which  increaaeB  rapidly  as  the  silica  falls  off  is  not  magnesia  bat 
iron-oride.  Hence  we  find  that  olivine  is  present  only  sporadically 
and  in  trifling  amount,  while  iron-ores  make  up  about  one  third  of 
the  rock.  If  it  is  to  be  regarded  as  a  mixture  of  true  magnetite 
and  ilmenite,  these  are  present  in  aboat  eqaal  proportions,  a  small 
quantity  of  pyrites  being  also  indicated  by  the  analysis.  It  is  very 
noteworthy  that  both  the  augite  and  the  felspar  in  this  highly  basic 
seam  are  identical  with  those  of  the  ordinary  gabbros.  The  felspar 
is  a  labradorite,  while  in  one  slide  [5376]  andesine  and  even  oligo- 
clase  are  recognised  by  their  extinction-angles.  Very  remarkable 
is  the  absence  of  apatite. 


Fio.  23.— Djtkes  of  banded  gabbro  cutting  Iho  banded  peridotite  group  in 
glen  south  of  Allt  a'  Ghooich,  Loch  Scavaig. 

The  bands  contain  different  proportions  of  the  constituent  minerala, 
and  narrow  dark  seams  of  very  basic  composition  are  especially  con- 
spicuous. There  are  also  considerable  diSerences  in  texture.  In  A 
the  gabbro  is  coarse  towards  the  right  (eastern)  side  of  Uie  dyke,  and 
becomes  pr<^essivelj  finer  towards  the  left.  It  is  in  the  fine-textured 
part  that  the  dark  seanis  are  raost  distinct  and  moat  regular.  In  B  the 
rock  is  coarsest  in  the  middle  of  the  dyke,  and  becomes  finer  towards 
the  sides,  presenting  evidently  chilled  margins  to  the  pcridotite. 

These  dykes  bear  nearly  N.N.E.-8.S.W.,  cuttii^  ^e  landing  of  the 
peridotite  at  a  high  angle,  and  each  baa  a  width  of  about  1  ft  6  ins, 

That  the  various  bands  crystallised  simultaneously,  and  mast 
therefore  have  existed  side  by  side  in  the  fluid  state,  is  shown  by 
the  fashion  in  which  their  crystals  interlock  at  the  common  surface 
of  two  conti^ous  bands.  It  also  appears  that  flowing  movement 
had  in  moat  places  practically  ceased  prior  to  the  beginning  of 
crystallisation,  for,  as  a  rule,  there  is  no  parallel  arrangement  of 
the  constituent  crystals.  To  this  statement  there  are  only  a  few 
exceptions.  One  rock  from  Dmim-an-Eidhne  has  a  very  decided 
fissile  character,  owing  to  parallelism  of  the  felspar  crystals,  which 
here  have  a  pronounced  tabular  habit  (Plate  XVIII.,  Fig.  6).    Som»- 
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I.  [5373].  A  light-coloured  band  mainly  composed  of  labradorite. 
The  other  constituents  are  augite,  uralitic  hornblende,  and 
magnetite. 

II.  [53771.  A  (lai'k  band  composed  of  augite,  magnetite,  and  labra- 
dorite. 

III.  [5376].  A  thin  ultrabasic  '*  schliere/'  mainly  composed  of  augite 
and  magnetite. 

A.  Calculated  mixture  of  45*9  parts  of  I.  with  54*1  parts  of  III., 
for  comparison  with  II. 

thing  similar  occurs  at  the  head  of  Loch  Coruisk,  but  in  general 
there  is  no  special  orientation  noticeable.  The  several  partial 
magmas  seem  to  have  been  intruded  while  still  completely  molten 
and  mobile,  and  their  not  mingling  implies  a  high  mutual  surface- 
tension. 

The  mutual  relations  of  the  several  rock-types  associated  together 
in  the  banded  gabbros  compel  us  to  the  conclusion  that  they  were 
intruded  simultaneously,  and  were  derived  from  some  common 
source,  which  may  be  pictured  as  a  subterranean  reservoir  where  the 
several  fluid  magmas  existed  together  without  commingling.  If 
the  distinct  but  closely  associated  magmas  were  the  results  of  a 
"  differentiation  "  of  a  common  parent  magma  having  more  of  the 
composition  of  a  normal  gabbro,  the  differentiating  process  was  the 
result  of  causes  which  at  present  can  be  only  a  matter  of  speculation, 
and  the  question  is  not  one  to  be  discussed  in  this  place.  We  may 
observe,  however,  that  the  governing  conditions  were  probably  of 
no  very  simple  kind,  for  the  process  has  evidently  not  followed 
always  the  same  lines.  The  thin  seam  very  rich  in  iron-ores 
analysed  by  Mr  Player  and  described  by  Mr  Teall  appears  to  have 
had  but  little  olivine ;  but  in  other  similar  seams  from  the  same 
locality  that  mineral  has  been  formed  in  abundance.  It  is 
represented  mainly  by  pseudomorphs,  sometimes  serpentinoos, 
sometimes  "pilitic,"  and  always  containing  much  secondary 
magnetite. 


XenoKihic  Structure  in  Odbbros,  121 

It  may  be  noticed  that  the  variation  indicated  by  the  three 
analyses  quoted  is  very  closely  of  the  "  linear  "  type,*  i.e,  the  com- 
position of  the  second  rock  could  be  very  nearly  reproduced  by  a 
mixture  in  proper  proportions  of  the  first  and  third,  as  shown  in 
column  A  above,  and  as  illustrated  graphically  in  one  of  Pro- 
fessor Vogt*s  papers.t 

A  striking  feature  in  some  parts  of  the  Cuillins  is  the  frequent 
occurrence  of  small  fragments  or  xenoliths  of  gabbro  enclosed  in 
gabhro  of  a  somewhat  different  kiruL  Sometimes  the  difference  is 
not  great,  and  the  xenoliths  are  not  seen  distinctly  except  on  a 
weathered  face.  Where,  as  sometimes  happens,  they  are  decidedly 
less  durable  than  their  matrix,  they  weather  into  little  hollows,  and, 
if  numerous,  give  a  curious  pitted  appearance  to  the  surface  of  the 
rock.  This  is  well  seen  at  several  places  on  the  floor  of  Taimeilear 
and  on  the  rocky  platform  just  west  of  the  mouth  of  that  corrie. 
These  xenolithic  gabbros  are  no  doubt  to  be  attributed  in  general 
to  the  fact  that  the  gabbro  mass  consists  of  numerous  distinct 
intrusions,  the  later  of  which  have  often  broken  through  the  earlier. 
Possibly  the  phenomenon  arises  also  in  a  rather  different  way.  In 
numerous  localities  the  xenoliths  are  found  in  the  vicinity  of 
enclosed  patches  of  volcanic  agglomerate,  which  contain  abundant 
fragments  of  gabbro,  derived,  as  we  have  pointed  out  above,  from 
some  older  and  wholly  concealed  mass  of  that  rock.  The  agglom- 
erates are  greatly  metamorphosed,  and  in  some  cases  the  actual 
boundaries  of  the  patches  are  such  as  to  suggest  that  portions  have 
been  incorporated  in  the  gabbro  magma.  This  points  to  a  possible 
source  of  some  of  the  xenoliths,  but  such  an  explanation  cannot  be 
extended  to  include  all  the  occurrences.  A  third  possibility, 
already  suggested  in  the  case  of  the  peridotites,  is  that  the  xenoliths 
may  have  been  brought  up  in  the  magma  from  a  much  lower  level, 
being  the  result  of  local  crystallisation  in  the  magma-reservoir 
itself. 

An  instructive  comparison  may  be  made  between  the  gabbros 
and  the  peridotites  of  the  Cuillins,  and  some  heads  of  such  a  com- 
parison are  set  forth  below  in  parallel  columns.  It  will  be  observed 
that  the  peridotites  are  much  more  prone  to  variation  than  the 
gabbros,  both  in  different  intrusions  and  in  the  parts  of  a  single 
intrusive  body.  The  variations,  however,  follow  very  similar  lines 
in  the  two  groups  of  rocks,  though  with  certain  exceptions. 
Especially  noteworthy  is  the  difference  between  the  extreme  basic 
products  of  "  concentration,"  chromium  being  the  characteristic 
element  in  the  ultrabasic  and  titanium  in  the  basic  rocks.  This 
appears  to  be  a  general  principle  in  the  chemistry  of  igneous  rock- 
magmas,  and  has  been  specially  emphasised  by  Vogt. 

In  conclusion  we  shall  briefly  refer  to  the  changes  which  the 
Skye  gabbros  have  undergone  in  some  places  since  they  first  became 
solid  rocks.  It  will  not  be  necessary  to  say  much  in  this  place 
relative  to  the  thermal  metamorphism  of  the  rocks,  often  very 
marked,  in  the  neighbourhood  of  the  subsequently  intruded  granite. 

♦Barker,  Joum.  ofOed.^  vol.  viii.,  p.  391 :  1900. 
t  ZeiU,  prakt.  Ged,  vol  ix.,  p.  186 :  1901. 
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Gaibros  compared  with  Peridotites. 


Ultrabasic  Group. 


(l)  Rocks  composed  of  predomi- 
nant olivine  and  generally 
augite  as  the  two  principal 
constituents,  often  with  little 
or  no  felspar  (anorthite)  ; 

variety  characterised  by  a 
rhombic  pyroxene  not  rare. 

(iL)  The  several  intrusions  differing 
widely  in  average  composi- 
tion. 

(iii.)  Banding  generally  prevalent 
and  usuaUy  strongly  marked  ; 

bands  of  felspathio  peridotite 
and  troctolito  alternating  with 
others  of  picrite  and  perido- 
tite very  rich  in  olivine. 

(iv.)  The  more  l)asic  bands  include 
Ko^uns  rich  in,  or  almost 
wholly  composed  of,  spinels 
or  iron-ores,  higlily  chromi- 
ferous, 

(v.)  A  xenolithic  character  gene- 
rally prevalent  and  often  very 
conspicuous  ;  xcnoliths  and 
matrix  being  sometimes 
varieties  of  one  tyi)e,  but 
frequently  quite  different 
types. 

(vi.)  The  picrite  and  peridotite  often 
traversed  by  coarser  segrega- 
tion-veins of  troctolite. 


Basic  Group. 


(L)  Rocks  composed  of  felspar 
(labradorite)  and  augite  as  the 
two  principal  constituents, 
with  or  without  olivine  ; 


variety    characterised    by    a 
rhombic  pyroxene  rara 

(ii.)  The  several  intrusions  differing 
little  in  average  composition. 


(iii).  Banding  in  part  of  the  rocks 
and  locally  strongly  marked ; 

bands  of  more  felspathio 
gabbro  alternating  with  others 
of  more  augitic  gabbro  and 
olivine-gabbro. 

(iv.)  Tlie  more  basic  bands  include 
seams  containing  a  large  per- 
centage of  iron-ores,  highly 
titaniferous. 


(v.)  A  xenolithic  cliaracter  locally 
prevalent,  though  not  often 
very  conspicuous ;  xenoliths 
and  matrix  being  alike  of 
gabbro,  but  of  somewhat 
different  varieties. 


(vi.)  The  gabbro  often  traversed  by 
coarser  segregation-veins  of 
more  felsjyathic  gabbro. 


When  the  effects  are  merely  metamorphic  (not  also  metasomatic) 
they  present  no  peculiarity.  The  most  frequent  change  observed 
in  this  connection  is  a  partial  or  total  iiralitisation  of  the  augite  of 
tlie  rock,  such  as  is  seen  in  the  metamorphosed  gabbros  in  other 
regions.  The  much  more  remarkable  changes  which  have  been  set 
up  where  there  has  been  actual  interchange  of  substance  between 
the  gabbro  and  the  granite  magma  will  receive  full  attention  in 
their  proper  place.  It  is  not  always  possible,  however,  to  be  quit« 
sure  to  what  extent  this  latter  condition  has  contributed  to  some  of 
the  transformations  observed.  The  formation  of  biotit«  in  the  rocks 
is  a  case  in  point.  On  the  western  slope  of  Beinn  na  Cro,  for 
example,  which  is  one  of  the  best  places  for  studying  thermal 
metamorphism  in  the  gabbros,  little  flakes  of  bronzy  mica  are  often 
conspicuous  on  a  hand-specimen.  In  a  thin  slice  this  mineral 
shows  the  usual  deep-brown  colour,  with  intense  pleochroism,  and 
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seems  to  have  been  developed  mainly  at  the  expense  of  augite 
(partly  also  of  magnetite).  Certain  peculiarities  of  the  felspars, 
however,  and  the  occasional  presence  of  a  little  interstitial  quartz 
[8966]  may  be  taken  to  indicate  that  there  has  been  some  small 
amount  of  impregnation  of  the  gabbro  by  the  granite  magma,  and 
it  is  not  improbable  that  the  formation  of  the  mica  also  is  due  to 
something  more  than  simple  metamorphism. 

The  slow  changes  which  affect  igneous  rocks  independently  of 
thermal  and  dynamic  metamorphism,  and  apart  also,  as  it  seems, 
from  atmospheric  weathering,  have  left  their  mark  in  varying 
degree  upon  our  gabbros.  Here  we  may  include  the  partial 
turbidity  of  much  of  the  felspar,  and  here  too  the  frequent  passage 
of  the  augite  into  hornblende,  which  can  by  no  means  always  be 
referred  to  any  known  "  metamorphic  "  agent. 

Concerning  the  weathering  of  the  gabbro  it  is  not  possible  to 
say  much,  for  the  reason  that  the  rock  is  almost  everywhere  in  a 
comparatively  fresh  condition.  This  is,  of  course,  due  to  the 
scouring  action  of  ice  which  has  removed  the  superficial  crust. 
The  very  few  exceptions  are  of  a  kind  to  confirm  the  rule,  for  they 
are  found  in  deep  narrow  gorges  outside  the  actual  mountain  tract. 
The  best  instance  is  in  the  sides  of  Allt  Coire  na  Banachdich 
below  Eas  Mdr,  where  the  gabbro  presents  a  very  unusual  appear- 
ance. Much  of  it  is  divided  by  plane  joints  into  large  blocks  which, 
by  the  crumbling  and  scaling  away  of  the  surface,  have  taken  on 
the  form  of  giant  spheroids.  The  rock  is  often  so  soft  that  it  can 
be  dug  with  a  spade.  The  felspars  remain  when  the  other  con- 
stituents have  perished,  and,  breaking  up,  form  a  sand  mingled 
with  more  or  less  of  a  rust-coloured  clay,  which  represents  the 
ferro-magnesian  minerals  of  the  gabbro.  Another  place  where 
the  gabbro  is  in  a  rotten  condition  is  the  gorge  in  which 
Allt  a'  Coire  Ghreadaidh  runs  for  nearly  a  mile  of  its  lower  course. 
Nothing  of  this  kind  is  seen  anywhere  among  the  mountains  and 
corries. 

The  other  kind  of  decomposition  which  we  distinguished  in  the 
basic  lavas,  viz.  that  connected  with  solfataric  action,  naturally 
finds  no  place  in  the  gabbros,  and  no  long  list  of  alteration-products 
can  be  drawn  up.  Veins  of  chrysotile  and  of  calcite  are  sometimes 
found,  but  they  seem  to  be  invariably  connected  with  some  degree 
of  crushing  and  fracture  of  the  rocks.  Of  recognisable  new 
minerals  the  most  frequent  is  perhaps  greenish-yellow  epidote,  and 
this  is  sometimes  found  in  good  crystals.  On  Sgiirr  Dearg,  both 
on  the  S.W.  ridge  and  on  the  south-eastern  slope,  epidote  crystals 
covered  with  radiating  fibres  of  natrolite  occur  in  cavities  in  the 
gabbro.  Solid  veins  of  white  prehnite,  with  embedded  crystals  of 
epidote  next  the  rock,  occur  on  Druim  nan  Bamh.  Rarely  on  the 
southern  slope  of  Sgiirr  nan  Gillean  there  are  veins  containing 
doubly-terminating  quartz-crystals  sprinkled  with  mammilations  of 
prehnite,  and  the  latter  mineral  is  also  recorded  in  the  gabbro  of 
Coire  Labain  and  of  the  west  side  of  Sgtirr  nan  Gillean,  just  below 
Sgtlrr  a'  Bh&steir.*    Quartz-veins  are  found  a  little  west  of  the 

♦See  Heddle's  Mineralogy  of  Scotland,  pp.  65,  69,  104  :  1901. 
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gnmmit  of  Sg&rr  na  Bftnachdich,  bnt  ther  seem  to  bs  in  part  cod- 
nected  with  an  encl(»ed  patch  of  the  basaltic  laras,  and  in  the 
gabbro  in  general  free  silica  ia  almost  unknown. 

The  gabbro,  at  once  a  much  more  masEive  and  a  much  stronger 
rock  than  the  ba^lts.  nevertheless  shows  sometimes  cataclaitie  efftcU 
of  an  advanced  kind.  Such  effects  are  confined,  however,  to  the 
edge  of  the  mass.  They  may  be  observed  in  specimens  from  variona 
spots  in  Glen  Sligacban  and  on  Dmim  an  Eidhne,  and  again  from 
north  of  Garbh-bheinn  and  Belig.  always  near  the  boundary  of  the 
gabbro.  As  a  rule  the  crushing  has  not  been  so  directed  as  to  set 
up  a  schistose  structure,  and  often  there  is  nothing  in  the  appear- 
ance of  a  hand-«peoimen  to  indicate  the  crushing  in  its  earlier  stages. 
A  more  complete  break-down  of  the  rock,  however,  may  be  recog- 
nisable by  an  abnormally  fine  texture  (though  sometimee  wim 
uncrushed  relics  of  the  original  rock),  and  in  some  cases  by  a  dull 
aspect  consequent  upon  chloritisation  of  the  augitic  constitaent. 


Kill.  2 1.     Sct'iiiuljiry  twin-Iaiiiellatii)ii.  connected  with  strain,  in  the  felspar 
I't  ihe  jjoliUn*  :    \  *,S.\  crussed  nicols. 

A  [LHari.     Cire  na  Rinachdich. 
11  [MTiiJ.     Driiiiii  an  Eidhne. 

Thill  slici's  of  tlu'  more  thoroughly  cnished  gabbros  show  various 
Hinm'M  ill  llu>  break-down  of  the  original  stnicture  of  the  rock, 
.■iiliuiiijitiiig  in  what  Turnebohra  has  styled  "  Mertelstructur."  The 
iiiuTiishiHl  ri'iiiains  of  felspar  and  augite  crystals  are  converted  into 
itmml  grains,  embedded  in  a  finely  granular  matrix.  This  may 
iii'i'iir  without  any  appearance  of  reorj-stallisation  or  of  mineral 
cliiirii;!'.  the  effects  produced  being  purely  mechanical  [7116,  71201. 
In  (itluT  cases  there  is  a  partial  uralitisation  of  the  augite  ["7462], 
or  that  mineral  may  be  almost  wholly  replaced  by  a  green  hom- 
blende  [2716]  ;  but,  as  the  specimens  showing  this  come  from  the 
immediate  neighbourhood  of  the  granite,  it  may  be  an  effect  of 
thermal  metamorphism. 

Certain  specimens  examined,  which  have  not  been  broken  down 
ill  this  way,  exhibit  Btrain-effectg  in  the  crystals  of  felspar,  a 
peculiarity  not  found  iii  connection  with  advanced  eataclastic 
structures.  Sometimes  a  crystal  is  bent,  and  where  the  curvature 
is  sharpest  there  is  a  much  closer  twin-lamellation  than  elsewhere 
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(Fig.  24,  A).  Again,  we  may  see  a  crystal  in  which  some  of  the 
twin-lamellss  terminate  abruptly  against  a  crack  (Fig.  24,  B).  Pro- 
fessor Judd*  has  given  an  interesting  discussion  of  the  secondary 
twin-lamellation  of  the  felspars  in  the  peridotites  and  gabbros  of 
the  Western  Isles,  and  is  disposed  to  attach  great  importance  to  it. 
Phenomena  such  as  we  have  referred  to  are  found  occasionally 
in  many  of  the  Skye  gabbros,  but  we  have  seen  nothing  to  suggest 
that  the  twinning  is  in  genercU  other  than  an  original  character. 

*QuaH.  Joum.  Oeol.  Soc.,  vol.  xll.,  pp.  364-366  ;  PL  X.,  Fig.  1 :  1885. 
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CHAPTER  IX. 

Granites  and  Gr-vn'Ophyres  :   Field-Relations. 

Granite  and  granophyre  cover  in  Skye  an  area  which  fully 
e^iuals  or  exceeds  that  occupied  by  the  gabbro.  The  principal 
development  is  found  in  the  Red  Hills,  lying  north-east  and  east 
of  the  Cuillins.  This  tvllective  name  for  the  granite  hills  seems  to 
have  been  first  use^i  by  MaccuUoch  in  131G:  it  merely  renders  the 
Itaelic  name  Beinn  IVarg.  which  is  applied  specifically  to  more 
than  one  hill  near  lilen  Sligachan  and  again  near  Broadford.* 
The  granite  hills  present  much  simpler  and  more  rounded  outlines 
than  those  composevi  of  gabbro.  and  they  are  also  lower,  the  granite 
itself  never  attaining;  the  altitude  of  2500  feet. 

From  Glen  Sligachan  a  continuous  tract  of  granite  (including 
granophyre).  six  or  seven  miles  across,  extends  north-eastward  to 
the  shore  opposite  Scalpay.  with  a  prolongation  into  that  island, 
and  tMstwarvl  to  Glas-bheinn  Bheag  and  Strath  Beag.     Here  it 
joins  for  a  short  distance  an  otherwise  isolated  granite  area,  about 
thiw  by  two  miles  in  extent,  comprising  the  eastern  Red  Hills — 
—Beinn  na  Caillich  and  its  neighbours — which  lie  west  of  Broad- 
fonl.     Farther  south,  at   Beinn  an   Dubhaich,  occurs  a  separate 
n^ass  of  granite,  and  Ivtween  these  two  are  the  Kilchriat  grano- 
phvivs.  tonning  several  smaller  outcR^ps  of  a  rock  in  some  respects 
piviiliar.     i'^n  the  oastoni  side  of  the  Blaven  range   granite  is 
found.   thvMiirh  not   ivntinuously.  along  a  line  from  Strath  M6r  to 
noar  x\w  hoadlauil  of  Hudha  Bi^n.  beyond  Camasunary,  these  out- 
or\»ps  ivuiuvting  tliomsolves  with  the  large  mass  first  mentioned. 
SvMuo  intrusions  on  ami  near  Creag  Strollamus  are  probably  related 
to.  ilumgh  not  visibly  continuous  with,  the  neighbouring  mass  of 
the  oasteni  IuhI  Hills.     C>n  Scalpay.  besides  the  area  in  the  south- 
western ivrnor  of  the  islaml.  which  is  evidently  an  extension  of  the 
liU'»r*»  mass  tonuing  the  main  Red  Hills  of  Skye,  there  is  a  sheet- 
like   mass,   or  perhaps    more   than  one,  the   outcrops   of  which 
ouiM^'lo  ahnost    continuously  the  hill  Mullach  na  Ci\m  at  about 
1000    t\vt    altitude.      Other   occurrences  have   been   mapped   in 
i\;insav  by  Mr  ^Yoollwarll.  but  these  are  not  included  in  the  scope 
of  onrdetnilcil  study. 

Cortuin  sheets  of  granophyre,  large  and  small,  intruded  in  the 
Mt^so/Auc  strata  along  a  curved  belt  of  country  from  Beinn  Bhuidhe, 
ncnr   li!^adfon^  to   Suishnish,   between   Jjoch   Slapin  and   Loch 

*  III  llio  fonnor  neigh l>oiirh(iod  there  are  also  Meall  Dearg  and  Ruadh  Stac 
(UihI  StaokX  (\>lt)iir  epithets  are  used  in  Gaelic  with  considerable  laxity, 
liiit   Iion»  tho  iHHiiliHh  tone  is,  in  certain  conditions  of  the  weather,  very 

lllUI'klHl. 
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Eishort,  are  reserved  for  special  description.  They  have  much  in 
common  with  the  rocks  of  the  Red  Hills,  but  seem  to  be  of  some- 
what later  date,  and  moreover  exhibit  certain  peculiarities  both 
geological  and  petrographical.  We  also  postpone  consideration  of 
most  of  the  minor  intrusions — dykes  and  some  irregular  sheets — 
of  granophyro  and  quartz-felsite ;  more  particularly  those  which 
belong  to  a  distinctly  later  epoch  than  the  granite  group,  as  opposed 
to  those  which  are  merely  apophyses  of  the  large  intrusive  bodies 
of  the  Red  Hills. 

As  in  the  case  of  the  gabbro,  we  have  to  distinguish  here  huo 
different  habits  as  regards  the  form  and  relations  of  the  larger 
intrusive  masses ;  viz.  the  sheet-like  or  laccolitic  and  the  disruptive 
or  boss-like.  This  was  recognised  by  Macculloch  in  1819,  and 
again  by  Sir  A.  Geikie  in  1858.  The  instances  which  those* writers 
cite  of  the  former  kind  of  habit  are  taken  only  from  the  smaller 
intrusions  in  the  Lias,  where  the  sill  form  is  sometimes  displayed 
with  considerable  regularity.  If  we  view  the  large  mass  forming 
the  Red  Hills  with  regard  to  its  general  form  and  position, 
neglecting  irregularities  of  detail,  we  find  that  considerable  portions 
of  this  too  have  the  form  of  a  thick  sheet.  The  departures  from 
regularity  are,  however,  greater  here  than  in  the  gabbro  of  the 
Cuillins.  They  seem  to  have  some  relation  to  the  nature  of  the 
rocks  with  which  the  granite  is  in  contact  in  difierent  portions  of 
its  boundary. 

We  shall  most  clearly  obtain  an  idea  of  the  relations  of  this  large 
mass  of  granite  and  granophyre  by  considering  the  form  and 
character  of  its  boundary  in  difierent  parts.  On  the  extreme  west 
the  line  runs  nearly  north  and  south  for  two  miles  or  more,  close 
to  the  Sligachan  River.  The  northern  part  of  this  boundary 
(against  basaltic  lavas)  is  concealed,  but  the  remainder  (against 
gabbro)  is  well  seen,  and  seems  to  be  everywhere  nearly  vertical. 
Farther  south,  on  Druim  an  Eidhne,  the  junction  is  of  a  very 
different  kind,  the  granite  passing  under  the  gabbro  at  a  low  angle. 
Where  the  volcanic  agglomerate  begins  to  intervene  between  the  two 
plutonic  rocks,  the  granite  boundary  is  at  an  altitude  of  about  1000 
feet;  but  it  runs  down  eastward  into  Strath  na  Creitheach,  under- 
lying the  much-expanded  mass  of  agglomerate  as  the  latter 
underlies  the  gabbro  of  Sgiirr  an  Eidhne.  On  the  other  side  of  the 
valley  it  ascends  again,  turning  N.E.  and  N.N.E.;  the  upper  surface 
of  the  granite  here  having  an  inclination  not  very  different  from 
the  north-western  slope  of  Blath-bheinn,  as  is  shown  by  the 
occurrence  of  an  inlier  about  f  mile  long.  For  some  distance  along 
the  fianks  of  Blath-bheinn  the  granite  is  in  contact  with  gabbro, 
then  a  strip  of  the  volcanic  rocks  again  intervenes,  as  the  boundary 
rises  to  over  1400  feet  on  the  northerly  ridge  of  Garbh- 
bheinn.  Here  begins  the  large  agglomerate  mass  of  Coire  na 
Seilg  and  Coire  Coinnich,  and  the  granite  sinks  again,  passing 
beneath  this  mass.  It  is  quite  clear  that  the  sinuous  southern 
boundary  we  are  following  represents  the  upper  surface — not 
horizontal  indeed  but  never  very  steeply  inclined— of  a  mass  which 
terminates  upward  (Fig.  25).     Similarly,  if  we  follow  the  northern 
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boundary  from  Glen  Sligachan  towards  Loch  Ainort,  we  see  that  it 
represents  the  corresponding  lower  surface,  the  granite  resting 
first  on  basaltic  lavas  and  then  on  Torridon  Sandstone.  There  are, 
however,  considerable  irregularities  in  this  part  of  the  boundary, 
partly  connected  perhaps  with  the  dying  out  of  the  intrusion. 
Thus  the  basaltic  lavas  forming  the  sununit  ridge  and  much  of  the 
upper  slopes  of  Glamaig  are  almost  cut  off,  and  must  be  in  great 
jMirt  underlain,  by  a  tongue  of  the  granite.  The  boundary  rises  on 
the  west  wide  to  near  the  main  summit,  drops  by  steps  to 
aljout  1100  feet  at  the  pass  on  the  south  side,  rises  again  to  the 
tNiHtem  summit,  and  drops  sharply,  with  something  like  a  vertical 
junction,  along  the  north-eastern  ridge.  The  tongue  which  runs 
along  the  north-western  and  northern  faces  dies  out  a  little  before 
reaching  this  ridge.     The  patch  of  basalt  lavas,  ^  mile  across,  to 


Flu.  25.  -View  from  Bealach  a'  Leitir,  looking  east  and  south-oast.  In  the 
fi)rej5r<»un<l  in  the  south-easterly  spur  of  Sgiirr  nan  Gilloan,  terminating 
in  Sgiirr  na  h-Uamha ;  in  the  distiince  the  Blaven  range.  Both  these 
an)  of  gabbro,  wliile  Strath  na  Oreitheach  and  the  low  hills  in  the 
middle  distanco  are  of  granite,  underlying  the  gabbro.  The  junction  is 
indicated  by  the  dotted  line  on  the  slopes  of  Garbh-bheinn,  Blath- 
bheinn,  and  Druim  an  Eidhne. 

the  east  of  the  Tormichaig  valley  is  of  the  nature  ofaninlier 
beneath  the  granite. 

Putting  together  what  is  seen  at  the  southern  and  northern 
boundaries,  wo  are  able  to  picture  this  large  mass  of  granite  as 
prostMil  ing  the  general  form  of  a  large  irreijiiUir  laccoUtc,  and  having 
in  the  broadest  sense  a  southerly  dip.  The  varying  altitudes  and 
observed  inclinations  at  the  boundaries  prove,  however,  that  we 
must  further  conceive  it  as  deformed,  whether  originally  or  owing 
to  later  movements,  and  that  the  deformation  shows  a  considerable 
degree  of  correspondence  with  that  of  the  gabbro  laccolite.  There 
is  an  elongated  anticlinal  dome  extending  from  Marsco  to  Glamaig, 
and  the  Blaven  syncline  is  also  in  part  well  marked,  but  merges 
northward  in  a  broader  one  extending  in  the  direction  of  Loch 
A  inert.     As  regards  the  extent  of  the  laccolite,  we  can  easily  trace 
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its  dying  out  towards  the  south.  It  passes  under  the  gabbro  of 
the  Blaven  range,  but  emerges  on  the  eastern  side  very  much 
reduced  in  thickness.  It  is  represented  here  only  by  the  dis- 
continuous and  rather  irregular  series  of  strips  which  extend  S.  and 
S.S.W.  from  Glas  Bheinn  Mhdr  to  Camasunary,  the  actual  dying  out 
being  seen  above  Rudha  BA,n.  It  seems  probable  too  that  the 
laccolite  has  not  extended  very  far  northward  of  the  present  limits : 
indeed  it  shows  signs  of  dying  out  in  Glamaig,  where  it  is  already 
splitting  up  and  behaving  irregularly.  Since  neither  upper  nor 
under  surface  is  exposed  in  the  central  part  of  the  area,  no  estimate 
of  the  maximum  thickness  is  possible;  but  it  has  probably 
exceeded  1500  feet,  and  possibly  much  more. 

Considering  the  western  half  of  the  Red  Hills  as  a  whole,  we  see 
then  that  to  the  south  the  granite  shows  an  upper  surface,  to  the 
north  an  irregular  under  surface ;  but  westward  it  terminates 
abruptly  at  a  nearly  straight  and  vertical  boundary.  Of  this  there 
is   only   one   probable   interpretation :    the    straight  line,  nearly 


Sgurr  na.n 
Gi  1 1  e  a  n 


Marsco 


Fig.  26  — Section  across  Glen  Sligachan  from  Sgurr  nan  Gillean  (gabbro)  to 
Marsco  (granite),  to  illustrate  the  supposed  nature  of  the  western 
boundary  of  the  granite  in  this  part. 

coinciding  with  the  course  of  the  Sligachan  River,  must  be  supposed 
to  mark  the  position  of  an  important  fissure  of  supply,  through 
which  the  granite  magma  rose  to  spread  laterally  eastward.  The 
vertical  boundary  may  indeed  be  regarded  as  the  western  face  of  a 
large  dyke,  one  of  the  feeders  of  the  laccolite  (see  Fig.  26). 
Doubtless  other  feeders  are  concealed  beneath  the  granite  of  the 
hills  further  east,  and  the  situation  of  some  at  least  can  be 
conjectured  with  some  probability.  We  have  already  noticed  the 
long  curving  gabbro  dykes,  enveloped  in  the  granite,  which  extend 
from  Glen  Sligachan  to  Coire  na  Seilg,  as  some  of  the  feeders  of  the 
gabbro  laccolite.  The  relations  observed  along  this  line  suggest 
that  the  fissures  which  served  for  the  uprise  of  the  gabbro  magma 
were  at  a  later  epoch  utilised  as  channels  for  the  magma  of  the 
acid  rock  (Fig.  27). 

It  is  certain  that  the  large  mass  of  granite  (with  granophyre), 
the  limits  and  relations  of  which  have  been  partly  sketched,  was 
I 
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not  the  result  of  a  single  intrusion.  It  oousistfi  of  distinct  parts, 
usually  having  the  general  form  of  quasi-horizontal  sheets,  though  in 
places  with  steeply  inclined  junctions  and  disruptive  habit.  Some- 
times this  composite  structure  of  the  granite  mass  is  even  apparent 
as  a  feature  in  the  landscape.  Looking  across  Strath  na  Creitheach 
from  Druim  an  Eidhne  to  the  slopes  of  Blath-bheinn,  Clach  Glas, 
and  ftarbh-bheinn,  the  granite  is  seen  passing  under  the  gabbro, 
the  strongly  contrasted  colours  of  the  two  rocks  making  the 
junction  veiy  conspicuous.  Now  turning  the  eye  to  Buadh  Stac 
and  Marsco,  it  can  be  seen  that  the  granite  composing  these  two 
hills  is  itself  divided  by  a  gently  curved  sur&ce  roughly  parallel 
with  the  upper  surface  of  the  granite  laccolite.  The  higher  parts 
of  the  two  hills  consist  of  a  rock  which  weathers  with  a  different 
shape  from  that  of  the  rock  below,  having  a  tendency  to  a  rude 
columnar  jointing,  which  in  the  prominent  crag  named  Fiaclan 
Dearg  is  especially  marked.  The  apparent  relations  are  repre- 
sented in  the  diagrammatic  section  (Fig.  27). 

Again,  in  several  places  within  the  granite  area  we  find  the  rock 
becoming  a  fine-textured  quartz-felsite,  or  assuming  a  spherulitic 

N.N.Wt  S.S.E. 

Marsco  Ruadh  Stac  SulSf-Ul.. 


Fkj.  27.— Section  along  a  rather  sinuous  lino  through  Marsco  and  Ruadh 
Stac,  to  illustrate  the  supposed  manner  of  intrusion  of  the  granite. 
SodOf  H  inch  to  a  mile. 

and  sonietinies  a  fluxional  structure,  along  a  certain  band.  Such  a 
band  may  be  in  sharp  contact  with  normal  granitoid  rock,  and 
(clearly  shows,  not  only  that  two  distinct  intnisions  are  here  se^n 
in  juxtaposition,  but  tliat  there  was  a  sufficient  intei*val  of  time 
betwiMjn  them  for  the  later  one  to  experience  a  relatively  rapid 
chillinj^  at  its  margin.  Such  a  junction  is  seen  a  little  to  the  east 
of  the  Glen  Sligachan  foot-path,  where  it  crosses  the  watershed  E. 
of  Loch  Dubh.  Another  thing  which  often  seems  to  indicate  the 
junction  of  distinct  intrusions  of  granite  is  the  inclusion  of  narrow 
strips  of  basaltic  lavas,  sometimes  two  or  three  occurring  along  the 
same  line.  Tlu\se  may,  of  course,  be  wholly  enveloped  by  a  single 
intrusion  ;  but  tlieir  arrangement,  and  the  fact  that  the  acid  rock 
itself  sometimes  shows  fine-textured  modifications  along  the  same 
lines,  suggests  that,  in  some  cases  at  least,  these  relics  of  the 
volcanic  group  are  really  caught  between  two  distinct  intrusions. 

We  have  not  found  that  these  various  indications  afford  sufficient 
data  for  actually  mapping  out  the  sevei-al  component  parts  of  the 
large  granite  mass,  and  indeed  the  general  uniformity  of  lithological 
characters  prevailing  over  considerable  areas  discourages  any  such 
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attempt.  We  are  probably  justified  in  stating  that,  while  the 
granite  mass  is  certainly  built  up  of  a  number  of  distinct  intrusions, 
it  has  not  so  high  a  degree  of  complexity  of  structure  as  is  met 
with  in  some  parts  of  the  gabbro  laccolite  of  the  Cuillins.  This  is 
quite  in  accord  with  the  general  behaviour  of  the  acid  and  basic 
magmas  respectively,  and  so  also  is  the  greater  irregularity  of 
form  and  habit  exhibited  by  the  granite  as  compared  with  the 
gabbro. 

Turning  to  the  eastern  portion  of  the  main  granite  area,  we  find 
greater  difficulty  in  deciphering  the  true  relations,  partly  owing  to 
the  fact  that  in  the  Loch  Ainort  district  the  granite  extends  below 
sea-level.  Where  the  boundary  runs  down  to  the  sea,  both  at  Maol 
na  Gainmhich  and  at  Dunan,  the  junction  seems  to  be  steeply 
inclined.  The  granite  is  in  contact  in  the  one  place  with  Torridon 
Sandstone,  in  the  other  with  quartzose  grits  belonging  to  the 
Jurassic.  That  part  of  the  boundary,  however,  which  runs  N.-S., 
obliquely  crossing  the  ridge  of  Glas  Bheinn  Bheag,  shows  an  under- 
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Fig.  28. — Section  through  Lochain  Beinn  na  Caillich  and  towards  Broadford, 
crossing  the  northern  part  of  the  granite  boss  of  Beinn  na  Caillich  and 
the  southern  part  of  the  gabbro  b(MS  ;  scale,  2  inches  to  a  mile. 

F,  F  are  faults,  the  easterly  one  bringing  on  the  Lias  (Pabbay  Shales). 

L,  Cambrian  Limestone  (Balnakiel  group) ;  B,  basaltic  lavas ;  Gb, 
gabbro ;  Gr,  granite. 

L',  B',  Gb'  are  enclosed  patches  of  limestone,  basalt,  and  gabbro  ; 
B'',  an  outlier  of  the  basalt  resting  on  an  enclosed  patch  of  limestone  ; 
T,  small  outliers  of  Torridonian  upon  the  limestone,  with  a  thin  sheet  of 
granophyre  intruded  along  the  dividing  "thrust-plane." 

S  G,  dyke  of  spherulitic  granophyre  ;  D,  dyke  of  basalt. 

lying  junction,  apparently  the  upper  surface  of  a  sill-like  mass. 
The  grits  here  have  a  well-bedded  and  laminated  character,  dipping 
eastward  at  about  40^,  and  the  intrusion  beneath  seems  to  have 
followed  the  bedding.  In  the  lower  part  of  Strath  Beag  the 
junction  is  concealed,  and  at  the  south  end  of  Beinn  na  Cro  it 
again  has  an  abruptly  transgressive  character. 

The  granite  mass  which  forms  Beinn  na  Caillich  and  the  other 
eastern  Bed  Hills  is  almost  isolated  from  the  main  area,  and  must 
be  regarded  as  a  distinct  intrusion.  It  has  very  decidedly  the 
boss  form,  and  its  unfaulted  junctions,  e.g.  with  the  limestone  and 
gabbro  to  the  east,  are  nearly  vertical.  It  owes  part  of  its  relief, 
however,  to  subsequent  differential  upheaval  (Fig.  28).  The 
north-western  boundary,  against  the  volcanic  rocks  and  the 
underlying  Torridonian,  is  a  straight  fault-line  which  can  be 
traced  for*  2^  miles.  The  throw  is  greatest  in  the  middle.  North- 
eastward it  dies  out,  against  a  small  cross-fault,  in  the  valley  of 
Allt  Feama.    About  Creagan  Dubha  the  metamorphosed  state  of 
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the  basaltic  lava^i.  and  the  fact  that  they  are  penetrated  by  Izfetle 
tongues  of  granite,  suggest  that  the  present  boandary  b  not  very 
far  from  the  original  one :  and  the  fault  does  not  e3[tend  into 
Strath  Beag.  The  southern,  or  at  least  the  sonth-eaetem, 
boiind.ir}*  of  tlie  boss  is  of  a  less  simple  kind ;  but  here,  too,  the 
junrtion  is  probably  not  merely  an  intrusive  contact.  The  border- 
in  y  volcanic  rf>oks  arc  shattere^^l  bv  a  number  of  nults  with 
flirfrf-rions  wliich  trnd  to  correspond  roughly  with  that  of  the 
iKjiindan'.  and  some  of  these  faults  meet  the  bonndarr 
laiigr'ntially.  The  mapping  certainly  suggests  that,  while  the 
i^outhfTTi  limit  of  the  granite  fne.irly  a  semi-circle  in  ground-plaa) 
represents  pretty  n^'arly  the  original  extent  of  the  boss,  there  has 
Ije^rii  considerable  differential  movenu*nt  along  the  line  of  junction, 
result in^  in  a  relative  elt-vation  of  the  granite. 

The  B^i/tn  no  T)»ihhui^h  granite,  extending  2 J  miles  from 
K.  to  W.,  and  J  mile  from  X.  to  S..  is  a  typical  example  of  the 
boHs-like  m^Kle  of  fK'-currenee.  It  is  entirely  surrounded  hv  the 
r'ambn'an  n)nrn*-ss)  limestones,  and  constitutes  the  core  of  an 
anf  iflin»r  (V'l'^.  .*50j.  The  elevation  along  this  axis  belongs  in  port 
frj  ;in  ♦•arly  time  (pre-Liassic  at  leastj,  but  was  repeated  later, 
prolinbly  in  connection  with  the  intrusion  of  the  granite.  The 
Ilia—.  I.-,  from  all  appearances,  a  single  one.  but  its  boundary  is  in 
:.'rMin''l-plan  highly  iiTegiilar,  and  isolated  patches  of  limestone, 
ftly.o  of  his.'hiy  irregular  .-ihajies,  are  enclosed  within  the  granite, 
<-.ypw:iAliy  in  it^  marginal  f>arts  fFig.  29).  These  enclosed  patches 
rnni':'  up  to  a  rjiiarter  of  a  mile  in  extent.  The  limestone  com- 
po-in£r  thf-ni,  aa  w^-ll  as.  that  boi^^lering  the  whole  intrusion,  is  in 
?i  h\irh\y  m^•^1rnor7»ho-f•d  statf.  In  consequence  of  ilitferential 
-•  •■riMu-riut'-"*  ^h^«  lirnf-.t-oTu-  surface*  is  depr^^ssed.  s«?m.eri!nes  three 
f,r  t'.'ir  ^•♦•t,  \tf-U)\v  th;it  of  th'^-  granite;  s<j  that  the  actiial  L'lruract- 
.■•jrj.v-/-  ^J■  tli<-  latt^T  Is  exposed  :  and  rliis  is  foiiiid  to  be  •^'-•^ry- 
.//./,-/:  ,^,'fi'/il  n'ig-.  ^5"  r»nd  31).  Th«»  appearances  a r^.  in  shorr. 
.  :.i/:'.'il  •  i*Ji  M;^'-*•  f\*-'('v\\}*'(\  for  the  Lrabbr':-  boss  X.W.  cf 
\\'Mf\\'.:\.  -Mrih  i'.  intfi-iv--  in  tlie  san:e  uto'it^  ot"  '.inetjton'rs. 
li,  ■  ■■  .-•  ar;  .vMjti-.nri!  f'-a^-ir**  of  interest  in  the  presence  of  a 
..  ..'..■,'■..•  ^^■  '(,\-rj:  'i. ;>•■'--.  '"^"  r':''^;;T.inir:c  ai;:'?.  rrarersin^  the  lime- 
''f,i.':  :n.f\  a-,;'  .,',*.'.■  •'.-it  ''if'uirh  i*  bv  the  v-rrjniv.  Havin:^^  rei^ani 
V.  '.,•.•■:  /r.k^  ar.i  '\o  ''.i  ^h-  limestone  an- 1  the  oc-irses  ci  the 
\  .X  •  ; "  ) ■'.- -.  u ■-, r  ■'a r, :.--*.'\ r  * : i.-i*:  t he  jira r.ir -e  h.is  -: ocasi-: net!  anv 
\  .-..  ■<.?...-'  •\\ .r *.  - .' ■■.-ir. ■  r-  , '\  ' K-*. ' ■';■  .- 1  r i;^  r-:'.' :<s  th?*: "ii^h  wfcioh  ir 
.;    ■•  -;.  .r.  *!:r  rri*.:h-s    ':  'h-^^  :-"cks  ^h";h  i"  ■xcirleCcIv 
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This  remarkable  behaviour  of  the  Beinn  an  Dubhaich  gramte 
presents,  as  we  have  already  noticed  in  the  corresponding  caee  of 
the  gabbro,  a  difficult  problem  in  the  phjsica  of  igneouB  intmeion. 
In  one  respect  there  is  a  difference  between  the  two  cases ;  for  the 
dolomitised  limestone  was  doubtless  considerably  denser  than  the 
granitic  magma,  and  if  we  suppose  the  rock  displaced  by  the 
granite  to  have  been  removed  in  the  solid  state  we  must  therefore 
suppose  it  to  have  sunk  through  the  molten  magma.  Neverthe- 
less, making  all  due  allowance  for  this  difference  in  density,  it  is 
still  not  easy  on  this  supposition  to  account  for  the  complete 
absence  of  limestone  xenoliths  in  the  granite  as  now  exposed.  To 
suppose  that  the  limestone  has  been  to  any  important  extent 
dissolved  and  incorporated  in  the  acid  magma  raises  an  even 
greater  difficulty.  This  would  imply  an  enrichment  of  the 
granite  in  lime,  which  is  quite  inconsistent  with  the  facts  of  the 
case.     A   specimen  from  uie  eastern  end  of  the  granite  mass,  in 


Fia.  31. — Relations  ot  grtmito  and  marbla  (metamorphosed  Cambrian  lime- 
atone)  on  the  lower  slopes  of  Beinn  an  Dubhaich.  This  figure  representa 
a  typical  view  of  the  junction  of  the  two  rocks,  idealised  only  to  the 
extent  of  omitting  the  heather  and  bracken  which  partly  conceal  the 
ground.  A  pre-granitic  dolerite  dyke  is  shown  intersecting  the  marble 
and  sharply  cut  oS  by  the  granite. 

contact  with  the  limestone,  was  found  by  Dr  Pollard  to  contain 
only  0'47  per  cent,  of  lime,  i.e.  not  more,  but  less,  than  is  found 
in  the  ordinary  acid  intrusions  of  the  region.  Even  if  we  assume 
the  acid  magma  to  have  been  originally  free  from  lime,  it  cannot 
have  taken  up  more  than  -g-}-^  °^  i*^  i^^^  mass  of  that  base,  or  ^ 
of  its  own  mass  of  dolomitic  limestone ;  and  in  fact  the  figure 
0'47  represents  an  unusually  low  percentage  of  lime  for  granitic 
rocks  in  general.  It  seems  then  that,  whatever  be  the  rationaU  of 
such  intrusions  as  this,  with  abruptly  tranagressive  relations  but 
no  concomitant  disturbance  at  the  junctions,  the  phenomena  are 
not  to  be  explained  by  any  theory  which  involves  appreciable 
incorporation  of  the  country  rock  in  the  invading  magma. 

The  granophyre  associated  with  the  large  mass  of  volcanic 
agglomerate  north-west  of  Lock  KUch/rist,  remarkable  for  the  pro- 
fusion of  gabbro  dSbris  which  it  has  enclosed  and  partially  digested, 
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has  also  an  interesting  mode   of  occurrence.      There   are   five 
isolated  ai*eas,  within  and  on  the  edge  of  the  agglomerate.    The 
two    largest    are  on  the  eastern    and  western  borders   of  the 
agglomerate  mass,  and  form  strips  f  mile  and  ^  mile  long  respec- 
tively.    The  granophyre  in  these  places  has  clearly  been  intmded 
along  the  wall  of  the  old  vent,  between  the  agglomerate  and  the 
Cambrian  limestones.     Its  boundar}*^  towards  the  limestone  is  a 
vertical  surface ;  that  towards  the  agglomerate  has  a  more  irregular 
form.     The  other  three  exposures,  within  the  area  of  the  old  vent, 
occur  in  valleys,  and  the  granophyre  has   every  appearance  of 
underlying  the   immediately   adjacent  agglomerate.*    The  most 
probable  interpretation  seems  to  be  that  which  would  make  these 
outcrops  portions  of  one  irregular  sheet,  and  the  diagrammatic 
section  already  given  is  drawn  on  that  hypothesis  (Fig.  4,  p.  16). 
Wliat  detennined  the  intrusion  of  the  magma  in  the  foiin  of  a 
sheet  at  this  particular  horizon  is  a  question  not  easily  answered. 
Of  the  remaining  acid  intmsions,  all  of  small  dimensions,  which 
may  be  correlated  with  the  granites  as  regards  the  epoch  of  their 
injection,  little  need  be  said  in  this  place.     That  which  forms  the 
upper  part  of  Creag  Strollamus  has  a  very  irregular  shape,  showing 
in  some  places  the  sheet-like,  in  others  the  sharply  transgressive 
kind  of  boundary.     This  is  partly  due  to  the  fact  that  it  is  in 
contact  in  different  places  with  Torridon  Sandstone,  basaltic  lavas, 
and  gabbro.     Within  the  area  occupied  by  the  gabbro  boss  farther 
to  the  S.E.  the  distinct  gi^anophyre  intrusions  which  occur  are 
chiefly  in  the  form  of  isolated  short  dykes,  varying  in  width  up  to 
30  yards,  and  having  no  common  direction.     An  unusual  mode  of 
occurrence  is  seen  at  several  places  about  a  mile  west  of  Broadford. 
Here,  in  an  area  of  Cambrian  limestones,  occur  a  number  of  small 
outliers  of  Torridon  Sandstone  above  the  great  thrust-plane,  and 
granophyre  is  seen  to  have  forced  its  way  in  the  form  of  a  thin 
sheet  along  the  thrust-plane  (Fig.   28).     Tlie  gabbro,  which  also 
occurs  in  the  immediate  neighbourhood,  has  not  done  so.     The 
same  thing  is  seen  on  the  S.E.  slope  of  Creag  Strollamus,  towards 
Allt  Feania,  where  several  small  inliers  of  limestone  occur  in  the 
surrounding  Torridonian,  and  in  more  than  one  place  granophyre 
has  penetrated  along  the  surface  of  junction.     On  the  other  side  of 
Allt  Feania,  where  some  rather  large  patches  of  limestone  in  the 
granite  are  intersected  by  the  tributaries  on  the  right  side  of  the 
main  stream,  interesting  relations  are  again  seen.     For  a  certain 
distance  the  intrusion  seems  to  have  been  guided  by  the  thmstr- 
plane ;   but  farther  south  the  Torridonian  had   previously  been 
stripi)ed  off  (as  is  proved  by  relies  of  the  lavas  and  agglomerate 
resting  on  limestone),  and  the  sheet-like  habit  is  at  once  lost. 

A  little  east  of  the  last  locality  an  enclosed  patch  of  the  lime- 
stone occurs  on  the  boundary  between  granite  and  gabbro.  It  is 
divider!  into  a  number  of  strips  by  vertical  dyke-like  tongues, 
.which  are  offshoots  from  the  two  intrusive  masses,  and  each  of 
which  consists  in  one  half  of  its  length  of  gabbro  and  in  the  other 

*  A  skotch-nuip  showing  tho  several  outcrops  has  been  published  in  Quart. 
Journ,  Geul.  Soc,  vol.  hi.,  PL  XIII.  ;  1896. 
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half  of  granite.  The  limestone  has  first  been  penetrated  by  off- 
shoots from  the  gabbro  mass,  and  later,  from  the  opposite  side  but 
along  the  same  lines,  by  oflfehoots  from  the  granite  (see  map.  Fig. 
20,  p.  98). 

Of  the  numerous  enclosed  patches  of  the  volcanic  group  in  the  large 
granite  tract  of  the  Red  Hills  the  only  one  requiring  special  notice 
in  this  place  is  that  which  forms  the  northern  half  of  Beinn  na  Cro, 
Here  a  portion  of  the  basaltic  lavas  more  than  a  mile  in  length, 
previously  penetrated  by  irregular  sheets  of  gabbro,  has  become 
completely  involved  in  the  granite.  In  the  northern  part  the 
granite  distinctly  underlies  the  enclosed  mass,  though  with  a  very 
irregular  surface  of  c6ntact  and  numerous  apophyses  in  the  form 
of  felsitic  tongues  and  dykes  passing  obliquely  up  through  the 
gabbro  and  basalt,  as  is  clearly  seen  on  the  western  slope.  Farther 
south  the  granite  breaks  abruptly  across,  so  as  obliquely  to 
truncate  the  enclosed  patch ;  and  it  thus  comes  to  form  the  summit 
(about  1790  feet)  and  the  rest  of  the  mountain  (Fig.  32).  At  the 
southern  end  of  the  ridge,  however,  where  the  granite  terminates 
at  about  800  feet  altitude,  an  outlying  patch  of  lavas  is  seen  resting 
on  Liassic  strata  and  dipping  rather  sharply  to  the  south.  This 
suggests  that  the  abruptly  transgressive  behaviour  of  the  granite 
seen  just  north  of  the  summit  is  connected  with  the  existence  of 
a  pre-granitic  fault  throwing  the  lavas  down  to  the  north. 

Considering  now  the  character  of  the  junctions  and  the  relations 
in  detail  of  the  granite  to  the  rocks  in  contact  wuth  it,  we  see  that 
the  petrographical  nature  of  the  latter  has  had,  as  in  the  case  of 
the  gabbro  intrusions,  a  very  noteworthy  influence  upon  the 
behaviour  of  the  intruded  magma.  The  junction  with  the  dolo- 
mitic  limestones  of  the  Cambrian  is  always  a  clean-cut  surface. 
No  veins  from  the  granite  enter  the  contact-rock,  nor  are  fragments 
of  limestone  enclosed  by  the  margin  of  the  intrusion.  The  junction 
with  Torridon  Sandstone,  as  seen  especially  about  Creag  StroUamus, 
is  much  more  irregular  on  a  small  scale.  Not  infrequently  it  is 
impossible  in  a  hand-specimen  to  draw  any  sharp  line  between  the 
two  rocks,  which  are  here  a  fine  granophyre  and  a  rather  close- 
grained  quartzose  grit.  A  slice  [8053]  shows  that  the  intinided 
magma  has  insinuated  itself  for  a  short  distance  into  the  interstices 
between  the  sand-grains,  and  clastic  grains  of  quartz  are  seen 
embedded  in  a  delicate  micropegmatite.  In  the  Isle  of  Scalpay, 
and  in  various  other  localities,  veins  traversing  the  sandstone  in  the 
neighbourhood  of  the  junction  are  visible  in  the  field.  This  is  the 
case  especially  in  places  where  the  granite  sends  out  tapering 
sheets,  which  dovetail  into  the  strata,  a  type  of  junction  charac- 
teristic of  the  dying  out  of  a  large  laccolitic  body.  The  northward 
termination  of  the  large  granite  mass,  as  displayed  in  the  Isle  of 
Scalpay,  is  represented  in  the  accompanying  section  (Fig.  33).  At 
its  southerly  boundary  the  granite  again  runs  out  into  a  number  of 
rather  irregular  sheets,  as  is  well  seen  on  the  western  slope  of  the 
south  ridge  of  Blath-bheinn,  above  Loch  na  Creitheach.  Here  the 
intrusive  rock  has  picked  up  abundant  clastic  grains,  and  even 
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small  pebbles  of  quartz,  from  the  Torridonian  grits  with  which  it 
is  in  contact ;  and  the  separation  of  the  intmsive  rock  from  the  grit 
is  by  no  means  an  easy  task. 

The  junction  of  the  granite  with  the  more  shaley  portion  of  the 
Torridonian  series  is  well  displayed  near  Budha  Bka,  a  headland 
on  the  coast  of  Loch  Scavaig  west  of  Camas  Fhionnairidh.  Here 
again  we  have  what  may  be  regarded  as  the  final  dying  out  of  the 
large  laccolite  of  the  western  Ked  Hills,  and,  as  often  happens  in 
these  circumstances,  the  intrusion  takes  on  a  rather  irregular 
character,  sending  out  numerous  tongues  and  showing  a  very 
ragged  boundary  on  the  map.  Essentially,  however,  it  is  a  sheet, 
intruded  here  between  the  base  of  the  basaltic  lavas  and  the. 
underlying  shales,  both  of  which  are  considerably  metamorphosed. 
The  latter  are  not  much  penetrate  by  offshoots  from  the  granite, 
but  their  shattered  fragments  have  been  enclosed  by  the  intrusive 
rock  in  extraordipaiy  nnmber,  so  that  the  granite  is  in  places 
almost  crowded  with  pieces  of  metamorphosed  shales.  The  basaltic 
lavas  above  have  not  famished  so  many  xenoliths  to  the  intrusion, 
but  they  have  been  traversed  by  a  network  of  little  veins  which  run 
out  from  the  main  mass. 


S.W.  N.E, 


Fio.  33.-  Section  in  the  south-western  part  of  Scalpav,  from  Corran  a'  Chinn 
LTachdaraich,  showing  the  relation  of  the  granite  to  the  Torridonian 
strata.  The  former  is  the  edge  of  the  large  mass  building  the  Red  Hills, 
which  here  terminates  in  a  number  of  tapering  sheets.  Scale,  3  inches 
to  a  mile. 

Veining  on  a  minute  scale  is  very  characteristic  of  the  basaltic 
lavas  in  the  vicinity  of  the  granite,  and  sometimes  extends  to 
very  considerable  distances  from  the  contact,  arguing  a  high 
degree  of  fluidity  in  the  acid  magma.  The  phenomenon  is  well 
seen  about  Creag  Strollamus,  Beinn  na  Cro,  Glamaig,  Belig,  and 
elsewhere.  It  is  very  noteworthy  that  it  affects  the  compact,  not 
the  amygdaloidal,  varieties  of  the  lavas,  and  it  seems  to  have 
depended  upon  a  certain  fissuring  of  these  rocks  prior  to  the 
intrusion.  The  volcanic  agglomerates  and  tuffs  show  veining  less 
commonly  and  in  a  more  irregular  fashion :  it  is  seen  in  Coire 
na  Seilg. 

There  remain  the  junctions  of  the  granite  with  the  gabbro; 
and,  as  these  afford  the  most  obvious  demonstration  of  the 
posteriority  of  the  acid  rock,  and  have  also  considerable  interest 
in  themselves,  they  demand  a  faller  notice. 

Along  the  Sligachan  River,  where,  as  has  been  said,  the  junction 
is  a  vertical  or  highly  inclined  one,  it  seems  to  be  usually  of  a 
simple  type ;  but  in  places  the  granite  sends  out  veins  into  the 
gabbro,  as   is  well  seen  in  the  bed  of  the  river  N.W.  of  Loch 
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Dubh.  The  junction,  as  it  rises  from  here  to  Druim  an  Eidhne, 
is  concealed,  and  when  it  becomes  clearly  exposed,  in  the  little  pass 
between  Meall  Dearg  and  the  ridge,  the  granite  has  assumed  the 
laccolitic  habit,  passing  clearly  under  the  gabbro.  Here  it  sends 
out  a  small  tongue  into  the  latter  rock,  which  can  be  followed 
southward  for  about  100  yards.  From  this  point  a  narrow  strip 
of  volcanic  agglomerate  is  interposed ;  but  the  granite,  or  rather 
its  felsitic  modification,  forces  its  way  above  this,  and  sends 
numerous  apophyses  in  the  form  of  dykes  into  the  gabbro. 
These  are  seen  at  short  intervals  along  the  ridge,  cutting  alike  the 
agglomerate,  the  main  body  of  gabbro,  and  the  irregular  dyke- 
like intrusions  of  gabbro  which  we  have  pointed  out  as  feeders  of 
the  main  body.  There  are  other  dykes  of  the  same  type  cutting 
the  gabbro  a  little  farther  from  the  granite  exposure  and  not 
visibly  connected  with  it:  they  doubtless  originate  in  the 
extension  of  the  granite  immediately  beneath  them. 

These  dykes  of  sphenilitic  and  other  acid  rocks  which  intersect 
the  gabbro  of  Druim  an  Eidhne  present  intei'esting  but  in  no 
way  abnormal  characters ;  and  we  should  not  have  thought  it 
necessary  to  offer  any  evidence  of  their  intrusive  nature,  had  not 
a  veiy  different  interpretation  of  them  been  put  forth  in  a  paper 
by  Professor  Judd.*  That  geologist  regards  them,  not  as  dykes, 
but  as  portions  of  the  granite  enclosed  and  partially  fused  by  the 
gabbro,  which  is  in  his  view  the  later  rock.  Sir  A.  Geikiet  has 
already  given  strong  reasons  for  rejecting  this  idea,  and  has  indeed 
conclusively  proved  that  the  supposed  inclusions  are  dykes ;  but 
it  will  be  convenient  in  this  place  to  state  briefly  the  evidence. 

The  outorops  of  acid  rocks  in  question,  within  the  gabbro  area, 
have  the  linear  form  and  parallel  vertical  boundaries  characteristic 
of  dykes,  and  of  dykes  alone.  Owing  to  their  more  perishable 
nature  they  have  given  rise  to  trench-like  depressions,  which  run 
nearly  straight  or  with  occasional  deviations,  after  the  fashion  of 
dykes  in  general.  These  trenches  maintain  in  each  case  a  nearly 
uniform  width  of  a  few  yards,  and  can  be  traced  through  the 
coarse  gabbro  for  distances  of  ^  or  \  or  even  f  mile.  In  one  or 
two  cases  they  bifurcate.  Their  direction  is  that  proper  to  the 
dykes  of  the  district  (N.N.W.-S.S.E.),  and  is  not  parallel  to  the 
boundary  of  either  gabbro  or  granite.  They  are  not  parallel  to 
the  banding  of  the  gabbro,  so  strongly  marked  in  this  place: 
they  correspond  roughly  with  it  in  strike,  but  not  in  dip,  and  often 
truncate  the  banding  obliquely.  All  these  facts  are  incompatible 
with  the  hypothesis  of  inclusions. 

The  floor  of  the  trenches  is  in  great  part  concealed  by  swampy 
ground,  but  there  are  sometimes  considerable  stretches  in  which 
the  dyke-rock  is  perfectly  bare,  and  always  sufficiently  frequent 
exposures  to  leave  no  doubt  of  its  actual  continuity.  There  is 
usually  a  strong  fluxion-banding  parallel  to  the  walls.  One  or 
two  of  the  dykes  can  be  traced  with  visible  continuity  from  the 
banded  gabbro  which  they  intersect,  through  the  strip  of  volcanic 

*  Quart,  Jourtu  Gtcl,  Soc,,  vol.  xlix.,  pp.  175-195 :  1893. 
+  Ibid.,  vol.  1.,  pp.  212-229  :  1894. 
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agglomerate  which  next  intervenes,  to  the  edge  of  the  main  body 
of  granite  (i.e.  its  marginal  modification).  Precisely  similar 
dykes  cut  the  wide  spread  of  volcanic  agglomerate  on  the  slope 
down  to  Loch  na  Creitheach.  Moreover,  the  margin  of  the  granite 
assumes  in  many  places  characters  (such  as  the  spherulitic  and 
other  structures)  identical  with  those  of  the  dykes. 

Petrographically  the  dykes  which  cut  the  gabbro  are  perfectly 
normal  igneous  rocks,  in  no  wise  difierent  from  others  in  the 
district  which  intersect  the  volcanic  rocks,  and  easily  matched 
from  other  countries.  This  appears  from  Professor  Judd's 
description  no  less  than  from  our  own  examination.  In 
particular,  he  has  pointed  out  the  close  resemblance,  extending  to 
minute  details,  between  the  spherulites  in  these  rocks  and  those 
in  certain  obsidians  and  rhyolites  from  America,  which  are 
indubitably  normal  igneous  products.  He  has  indeed  likened 
these  supposed  inclusions  of  granite  in  gabbro  to  the  inclusions  of 
quartz-felsite  in  a  nepheline-basalt  at  Ascherhtibel  in  Saxony,  but 
his  description  of  the  latter  does  not  seem  to  shown  any  close 
resemblance  between  the  two  cases.  The  undoubted  inclusions 
of  granite  so  abundant  in  many  of  the  basic  dykes  of  Skye 
exhibit,  as  we  shall  see,  very  different  characters.  Mons.  Lacroix, 
whose  acquaintance  with  inclusions  of  all  kinds  is  probably 
greater  than  that  of  any  other  petrologist,  refers  briefly  to 
Professor  Judd's  description  in  his  monograph,  but  states  that  he 
has  seen  nothing  like  it  in  any  of  the  occurrences  which  he  has 
studied.* 

Druim  an  Eidhne  is  almost  the  only  place  where  apophyses  of 
any  of  the  large  acid  intrusions  take  the  form  of  typical  dykes. 
It  is  to  be  observed  that  these  spring  from  the  upper  surface  of 
the  laccolitic  mass.  The  fringing  out  of  the  same  at  its  edge  takes 
the  form  of  wedge-like  tongues  and  tapering  irregular  sheets,  as 
already  noted  near  Rudha  B^n ;  and  where  offshoots  are  found  in 
connection  with  a  vertical  or  steeply  inclined  granite-contact, 
they  form  a  plexus  of  irregular  veins. 

On  the  eastern  side  of  Strath  na  Creitheach,  although  the 
laccolitic  habit  of  the  granite  is  still  maintained,  the  rock  does  not 
throw  off  any  vertical  dykes.  It  is  in  most  places  divided  from 
the  gabbro  by  a  narrow  strip  of  basaltic  lavas,  and  in  several 
localities  it  sends  out  short  tongues  either  into  these  rocks  or 
into  the  gabbro.  Several  such  tongues  are  seen  in  connection 
with  the  inlying  patch  of  granite  on  the  N.W.  slope  of  Blath- 
bheinn ;  and  one  of  them,  cutting  into  the  overlying  gabbro,  is 
distinctly  visible  from  Loch  an  Athain.  Another  tongue,  not 
continuous  at  the  surface  with  the  main  body,  crosses  the  much- 
broken  northern  ridge  of  Blath-beinn,  giving  rise  to  the  principal 
break  between  that  mountain  and  the  peak  kno^vn  to  climbers  as 
Clach  Glas.  This  col  (altitude  2310  feet  according  to  Dr  Collie's 
measurements)  is  about  700  feet  above  the  probable  upper  surface 
of  the  granite  laccolite. 

*  Les  enclaves  des  roches  voUaniques,  p.  654  :  1893. 
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The  above  observations  afford  indisputable  evidence  that  the 
granite  laccolite  of  the  Western  Bed  Hills  is  of  later  intrusion  than 
the  gabbro  laccolite  of  the  Cuillins.  The  posteriority  of  the  granite 
boss  of  the  eastern  Bed  Hills  to  the  neighbouring  gabbro  boss  is 
equally  clear.  At  many  points  along  their  common  boundary,  to 
the  N.E.  of  Beinn  na  CaiUich,  the  granite  is  seen  penetrating  the 
gabbro,  and  the  latter  is  traversed  in  the  neighbourhood  of  the 
contact  by  innumerable  veins  of  the  acid  rock.  In  some  places 
such  veins  form  for  a  shoi*t  distance  a  close  network  almost  equal 
in  bulk  to  the  gabbro  which  forms  the  meshes,  giving  the  effect  of  a 
breccia  of  gabbro  in  a  matrix  of  granite.  The  veins  are  not  con- 
fined to  the  immediate  vicinity  of  the  granite-contact ;  but  they  are 
most  numerous  there  and  near  the  dyke-like  intrusions  of  granite 
already  mentioned,  which  traverse  both  gabbro  and  limestone. 
These  intrusions  have  rather  peculiar  characters.  They  are  in  the 
form  of  stout  dykes  which  run  only  for  short  distances  in  comparison 
with  their  size,  and  then  die  out  with  singular  abruptness.  Closer 
inspection  often  shows  that  when  one  of  these  dykes  comes  to  an 
end  in  gabbro  (not  in  limestone),  the  country-rock  beyond  is 
traversed  by  very  abundant  little  veins,  which  in  a  sense  serve 
collectively  to  carry  on  the  intrusion  farther.  A  more  curious 
phenomenon  of  the  same  order  was  observed  in  one  or  two  places, 
where  a  dyke  or  rib  of  granite  traversing  the  limestone  is 
interrupted  upon  meeting  a  small  tongue  of  gabbro,  but 
continued  nearly  on  the  same  line  in  the  limestone  beyond.  The 
illusion  that  the  granite  has  been  cut  by  the  gabbro  is  dispelled 
by  a  closer  scrutiny,  which  shows  that  the  acid  rock  has  traversed 
the  basic  in  the  form  of  a  plexus  of  very  small  veins.  Indeed 
on  examination  we  find  that  the  granite  magma  has  been  able  to 
penetrate  the  gabbro  in  threads  of  quite  microscopic  minuteness. 
The  appearances  recall  in  some  respects  the  injection  of  gabbro  by 
granite  described  by  Professor  Sollas*  at  Barnavave,  Garlingford, 
but  there  are  perhaps  certain  differences  between  the  two  cases. 
It  appears  from  his  description  that  the  minute  veins  noticed  by 
him  are  generally  rectilinear,  in  one  or  two  parallel  sets,  and  he 
considers  the  gabbro  to  have  been  not  only  solid  but  fissured  by 
contraction-joints  before  the  intrnsion  of  the  granite.  In  Skye  the 
veins  form  an  irregularly  reticulated  plexus,  and  there  are  reasons  for 
believing  that  no  important  interval  of  time  elapsed  between  the 
solidification  of  the  basic  rock  and  the  intrusion  of  the  acid 
magma. 

These  phenomena  in  the  Broadford  district  evince  at  least  a 
remarkable  permeahilitif  of  the  gabbro  by  the  cjraniiic  magma,  and  this 
is  no  less  apparent  in  the  gabbro  laccolite  of  the  Cuillins.  A 
striking  feature  in  many  parts  of  the  mountain  district  is  the 
occurrence  of  veins  of  granite,  or  usually  granophyre,  traversing 
the  gabbro,  in  no  visible  connection  with  any  larger  body  of  acid 
rock.  In  many  places,  such  as  E.  and  S.  of  Loch  na  Creitheach 
and  about  the  head  of  Loch  Scavaig,  the  veins  occur  abundantly  in 

♦Trarw.  JBoy.  Irish,  Acad.,  vol.  xxx.,  pp.  477-519,  PI.  XXVI.,  XXVII.  : 
1894. 
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the  lower  part  of  the  gabbro  laccolite,  where  we  have  good  reason 
for  believing  that  granite  exists  not  far  below;  but  elsewhere  they  are 
absent  in  a  like  situation.  The  difference  seems  to  be  related  to  differ- 
ences in  the  nature  of  the  granite-junction  below.  On  Druim  an 
Eidhne,  for  instance,  where  the  upper  surface  of  the  thick  acid  intru- 
sion is  (except  for  distinct  dykes)  a  smooth  one,and  the  granite  passes 
into  felsitic  and  sphenilitic  rocks  towards  its  boundary,  veins  are 
not  found  in  the  gabbro.  The  other  localities  mentioned  as 
remarkable  for  the  profusion  of  veins  are  where  the  attenuated 
granite  laccolite  has  become  irregular  in  its  behaviour,  with 
numerous  offshoots,  and  with  no  marginal  modification. 

Granophyre  veins  are  found,  however,  in  the  mountains  far 
above  the  base  of  the  gabbro  laccolite,  and  far  above  any  presumable 
concealed  body  of  acid  rock.  (See  map.  Fig.  58.)  A  good  example 
of  this  occurs  on  the  summit  ridge  of  Sgilrr  Dearg,  near  and  to  the 
south  of  the  cairn,  where  the  gabbro  is  so  traversed  by  veins  of 
granophyre  as  to  present  the  appearance  of  a  breccia.  This  must 
be  nearly  3000  feet  above  the  base  of  the  gabbro  laccolite,  where, 
if  anywhere,we  should  expect  the  westward  extension  of  the  granite 
from  Druim  an  Eidhne  to  occur.  If  any  nearer  body  of  granite 
has  been  present,  it  can  only  have  been  a  sheet  intruded  along  the 
upper  surface  of  the  gabbro  laccolite,  now  totally  removed,  and  of 
such  hypothetical  intrusion  we  have  no  sort  of  evidence.*  Other 
places  where  granophyre  is  seen  traversing  the  gabbro  of  the 
mountains  are  the  summit  ridge  of  Sgilrr  nan  Eag  and  the  slopes 
of  Sgilrr  a'  Mhadaidh  towards  Coir'  an  Uaigneis. 

The  last  point  to  be  noted  in  the  field-relations  of  the  large  acid 
intrusions  relates  to  the  presence  or  absence  of  noteworthy  marginal 
modifications  in  texture  and  micro-structure  towards  the  bounding 
surface.  In  some  places  the  rock  near  the  contact  becomes 
fine-textured  and  "felsitic,"  sometimes  compact,  sometimes 
porphyritic,  sometimes  with  visible  spherulites,  sometimes 
even  with  fluxion-banding  like  a  rhyolite:  in  other  places  the 
rock  maintains  the  character  of  a  granite  or  a  relatively 
coarse  granophyi*e  up  to  the  actual  contact.  It  is  not  difficult  to 
see  that  these  differences  stand  in  relation  to  the  varying  habits  of 
the  intrusions  which  have  been  sufficiently  distinguished  above. 
Where  the  magma  has  been  intruded  strictly  in  the  form  of  a 
sheet  or  laccolite  regularly  following  bedding  or  other  leading 
surfaces,  as  beneath  the  Jurassic  grits  of  Glas  Bheinn  Bheag  or  the 
gabbro  and  agglomerate  of  Druim  an  Eidhne,  there  is  constantly  a 
marginal  modification  in  the  direction  of  finer  texture  and  special 
structures.  When  the  sheet-like  habit  breaks  down  or  becomes 
very  irregular,  as  in  the  Camasunary  district,  there  is  little  or  no 
modification  of  this  kind.  With  quasi-vertical  junctions,  as  in  the 
bosses  of  Beinn  an  Dubhaich  and  the  eastern  Red  Hills,  there  is  no 
sign  of  textural  or  structural  modification  near  the  contact-surface. 
The  Kilchrist  granophyres  are  instructive  in  this  connection.    The 

*  About  700  yards  E.S.E.  of  this  spot  begins  the  outlying  patch  of  lavas 
forming  the  summit  of  Sgiur  Mhic  Choinnich,  which  is  not  improbably  the 
actual  roof  of  the  gabbro  laccolite. 
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most  easterly  exposure  on  its  eastern  side,  where  it  presenta  a 
smooth,  nearly  vertical  face  to  the  Cambrian  limestones,  is  a  coarse 
granophyre  up  to  the  actual  contact :  on  its  western  side,  where  the 
junction  seems  to  be  of  the  underlying  kind,  though  not  very 
regular,  little  sheet-like  apophyses  entering  the  volcanic  agglome* 
rate,  the  rock  becomes  fine-textured,  and  contains  in  places 
beautiful  stellate  sphenilite?.  The  interior  exposures,  which  we 
take  to  repi^esent  the  upper  surface  of  a  sheet-like  mass,  also  show 
felsitic  and  even  rhyolitic  modifications. 

Junctions  with  and  without  fine-textured  marginal  modifications 
differ  also  as  regards  the  apophyses  which  the  intrusion  sends  out 
into  the  contiguous  rocks.  When  these  occur,  they  are  in  the 
former  case  dvkes,  in  the  latter  case  irregular  veins.  It  is  also  to 
be  remarked  that  thermal  metamorphism  of  the  a<ljacent  rocks  is 
in  the  former  case  often  trifling  in  amount  and  extent,  while  in  the 
latter  case  it  may  be  intense  and  far-reaching. 

The  m€tamorphis^)n  produced  hy  the  (jranites  in  the  basaltic  lavas 
and  in  the  gabbros  lias  been  described  under  the  heads  of  those 
rocks.      The   metamoi-phism   set  up  by  the  same  cause  in  the 
various  sedimentary'  rocks  does  not  cc»me  strictly  within  the  scope 
of  our  subject,  and  in  general  does  not  present  any  special  features 
cf  interest.     To  this  last  statement,  however,  the  metamorphism 
of  the  CamhrifVi  dolomiUc  limestones  makes  an  exception,  and  a 
summaiy  account  of  this  may  properly  find  a  place  here.     For 
vfiluable  assistance  in  the  examination  of  the  specimens  collected, 
and  especially  for  the  tru^  identification  of  certain  of  the  new- 
formed  minerals,  the  \\Titer  is  indebted  to  Mr  Teall,  who  has  found 
a  close  ivsemblance  between  the  phenomena  here  and  those  observed 
at  TiiMlbeg  in  Sutherland,  where  rocks  of  the  same  series  are  invaded 
by  a  large  syonilic  intrusion. 
'  The  Cambrian  limestones,  in  great  part  dolomitic,  which  cover  a 
considerable  aiva  in  the  Stmth  district  were  definitely  proved  to  be 
of  this  age  by  Sir  A.  Geikie  in   1887.*     Since   that  time   the 
niapjnng  of  Mr  Clough  and  the  examination  of  the  fossils  by  Dr 
Vouch  t  have  enabled  these  mcks  to  be  more  precisely  paralleled 
with   the  c'orres]>onding  members  of  the  Durness  succession  in 
SuthiTland,  and  it  is  recognised  that  the  rocks  with  which  we  are 
more  i^artit'uhirly  concerned  are  the  equivalents  of  the  Balnakiel 
and  Cruisai^huilf  groups.     Where  they  are  invaded  by  the  gabbro 
N.W.  of  Hroadlbnl  and  by  the  granite  round  Beinn  an  Dnbhaich, 
they  beronu*  saeeharoidal  marbles ;  and  in  the  latter  area,  not  far 
from  Kileln-ist,  they  were  formerly  quarried.     These  Skye  marbles 
wtM*e  wi^ll  known  in  the  earlier  part,  of  the  nineteenth  century,  and 
Maei'ulloeht  tniumerates  the  several  varieties  then  worked;  but 
ojMirations  have  been  long  abandoned,  and  probably  the  expense 
(»nt  ailed  by  tlu»  short  land-carriage  would  render  the  reopening  of 

*  Quart.  Joimx.  Oeol.  Soc,  vol.  xhv.,  pp.  62-73  :  1888. 
flsinmuuinf  of  Pritgress  for  18D8,  pp.  C4,  65. 

I  Tran*.  (ieoL  S^ic!.  vol.  iii.,  pp.  101,  etc. :  1816,    Description  of  the  Western 
hlands  of  Scotland,  vol.  i.,  pp.  418,  419  :  1819. 
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the  old  quarries  nnremunerative  unless  undertaken  on  a  large 
scale.  The  largest  quarries  are  on  the  slope  of  the  hill  to  the  south 
of  Loch  Ealchrist,  one  about  1000  yards  south  of  the  lake,  and  a 
lower  one  some  135  yards  fisirther  north.*  A  smaller  one  is 
situated  a  little  west  of  the  Boreraig  foot-path  and  500  yards 
south  of  the  Glebe.  This  and  the  first-mentioned  quarry  yield 
some  variety  of  mottled,  veined,  and  serpentinous  rocks,  in  addition 
to  pure  white  marble.  Another  quarry  lies  just  east  of  the  foot- 
path and  by  the  southern  angle  of  the  Glebe  fence.  The  rock  here, 
like  some  others,  though  in  appearance  a  fine-grained  white 
marble,  is  in  reality  an  aggregate  of  the  pencatite  type,  consisting 
of  calcite  and  brucite.  A  small  quarry  about  350  yards  S.E.  of  the 
old  ruined  manse  is  in  a  white  marble  which,  unlike  the  generality 
of  the  metamorphosed  rocks,  is  still  a  dolomite-rock.  Of  the  five 
quarries  enumerated,  the  first  three  are  in  patches  of  limestone 
surrounded  by  the  granite,  and  the  other  two  are  near  the  granite 
boundary,  the  last  one,  where  the  rock  shows  no  very  high  grade 
of  metamorphism,  being  situated  near  the  attenuated  termination 
of  the  intrusive  mass. 

The  Cambrian  limestones  of  Skye  are  almost  free  from  detrital 
matter,  and  contain  little  original  impurity  other  than  silica  of 
organic  origin.  This  is  in  great  part  aggregated  into  distinct 
nodules  and  small  patches  of  chert,  or  in  some  zones  in  sponge- 
forms  ;  but  there  is  usually  more  or  less  silica  in  a  disseminated 
form,  as  is  shown  by  the  accompanying  chemical  analyses  made  on 
material  free  from  visible  chert.  Outside  the  areas  affected  by 
thermal  metamorphism  the  limestones  are  usually,  though  not  in 
every  place,  dolomitised,  and  there  is  abundant  evidence  that  this 
is  the  result  of  metasomatic  processes  subsequent  to  the  deposition 
of  the  rocks.  While  the  limestones  not  thus  altered  usually  have 
a  compact  fine-textured  character,  and  are  well  bedded,  the 
dolomitic  rocks  have  lost  their  bedded  aspect  and  acquired  a 
crystalline  saccharoid  texture  often  similar  in  appearance  to  that 
of  the  true  marbles  within  the  areas  of  metamorphism.  They  have 
a  specific  gravity  2*84  to  2*86,  and  two  specimens  selected  for 
analysis  gave  very  closely  the  composition  of  true  dolomite 
(I.  and  II.). 

The  metamorphosed  equivalents  of  these  rocks  near  the  gabbro 
and  granite  are  not  dolomite-rocks,  though  some  of  them  have  some 
dolomite  with  the  calcite :  the  magnesia  that  is  present  is  contained 
in  general  in  various  new-formed  silicates  and  other  minerals.  It 
results  from  the  relative  purity  of  the  original  rocks  that  they  do 
not  in  general,  like  impure  limestones  and  dolomites  in  many 
districts,  become  transformed  to  silicate-rocks,  with  total  expulsion 
of  the  carbonic  acid.  They  are  converted  to  crystalline  marbles 
with  accessory  silicate-minerals  in  greater  or  less  amount,  scattered 
through  the  rock  or  aggregated  in  various  ways.  These  new- 
formed  minerals  are  distributed  in  a  manner  depending  upon  the 

"^  These  quarries  are  incorrectly  placed  on  the  Ordnance  map,  and  the 
others  are  not  given.     All  the  principal  openings  are  marked  on  the  map 
given  above  (Fisj.  29,  p.  133). 
K 


146  Metamorphism  of  Caynhrian  Limestones, 


L 

n. 

A. 

Part  insoluble  in  dilute  1 
hydrochloric  acid       -  J 

2-26 1 

1-72 

f   2-42 

SiO-    - 

AI2O3,  Fe^Oj,  FeO 

- 

0-50  j 

1  Oil 

- 

0-45 

0-34 

0-62 

MnO   .         -         - 

- 

0-22 

019 

0-24 

MgO  -         -         - 

- 

2119 

20-81 

20-25 

CaO    - 

- 

30-50 

30-53 

30-05 

CO,    - 

- 

44-54 

46-25 

46-15 

99-66 

99-84 

99-84 

Specific  gravity    - 

- 

2-85 

2-86 

2-85 

I.  Dolomite-rock  [8063],  upper  part  of  Balnakiel  group  (sponge- 

bearing  zone),  600  yards  north  of  Suardal  Farm:  anal. 
W.  Pollard,  Summary  of  Progress  for  1898,  p.  198.  The 
analysis  gives  the  molecular  ratios  :  — 

CaO  :  MgO  :  CO^  -  103  :  1  :  191. 

The  slice  shows  merely  a  crystalline  aggregate  of  dolomite 
with  rare  grains  of  calcite  and  a  few  little  granules  probably 
of  diopside. 

II.  Dolomite-rock  [8064],  lower  part  of  Balnakiel  group  (con- 

centric ring  zone),  625  yards  N.W.  of  Loch  Lonachan  and 
just  east  of  Boreraig  footpath  :  anal.  W.  Pollard,  ibid.  The 
molecular  ratios  found  are : — 

CaO  :  MgO  :  CO,   -    105  :  1  :  202. 

Slice  identical  in  appearance  with  the  preceding. 

A.  Dolomite-rock  [8130],  Eileau  Hoan,  2^  miles  east  of  Durness, 
Sutherland,  for  comparison  :  anal.  W.  Pollard,  ibid.  Mole- 
cular ratios  : — 

CaO:  MgO:  CO  2        106  :  1  :  207. 


degree  of  dissemination  or  the  mode  of  concentration  of  the  original 
silica  which  has  contributed  to  the  formation  of  most  of  them. 
They  may  be  scattered  in  the  form  of  granules,  crj^stals,  flakes, 
or  fibrous  patches,  according  to  their  nature,  either  uniformly  or 
along  certain  bands  following  the  stratification,  in  which  case 
most  of  them  (white  mica  excepted)  are  not  conspicuous  in  the 
field.  Where,  however,  the  cherty  matter  has  been  concentrated 
in  connection  with  sponge-bodies,  chert-nodules,  or  particular 
seams  of  the  rock,  the  new-formed  silicate-minerals  are  richly 
present  in  certain  parts  of  the  marble,  though  very  rarely  to  the 
exclusion  of  carbonates.  At  one  place  in  the  gabbro  area  the 
marbles  include  a  bed  of  a  white  rock,  with  the  general  appear- 
ance of  a  quartzite  but  of  specific  gravity  309,  which  is  found  to 
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consist  wholly  of  diopside  in  little  grains  from  ^  inch  downward 
[6781].  A  similar  rock  occurs  in  contact  with  the  granite  at 
Camas  Malaig  [3205]. 

Some  of  the  most  striking  appearances  are  found  in  connection 
with  a  remarkable  structure  peculiar  to  the  lower  half  of  the 
Balnakiel  group  in  this  district,  the  zone  or  sub-zone  which  is 
usually  the  one  in  immediate  contact  with  the  gabbro  and  granite, 
and  in  which  the  marble-qnarries  are  situated.  The  structure 
consists  of  a  system  of  numerous  concentric  rings  or  shells, 
building  up  a  spheroidal  body  several  inches  or  even  a  foot  in 
diameter.  These  are  most  conspicuous  on  a  weathered  face  of  the 
metamorphosed  rock,  where  some  rings  stand  out  more  than  the 
intervening  parts,  owing  to  their  more  siliceous  composition,  and 
are  found  to  be  made  up  chiefly  of  serpentine  and  other  silicates. 
Although  this  structure  is  most  prominent  in  the  highly  meta- 
morphosed rocks,  it  is  probably  to  be  regarded  as  an  original 
peculiarity  further  developed  and  accentuated  by  metamorphism. 
While  not  itself,  so  far  as  we  can  discover,  an  organic  structure, 
it  seems  to  stand  in  relation  to  organic  bodies.  Towards  the  top 
of  the  strata  in  question  concentric  shell  structures  with  less 
perfect  development  constantly  encircle  sponge-forms,  thus  afford- 
ing a  transition  to  the  upper  Balnakiel  limestone,  characterised 
by  sponges  of  similar  form  without  the  surrounding  rings.  It 
may  be  conjectured  that  the  typical  concentric  shell  structure  has 
originated  in  connection  with  a  sponge  now  destroyed,  the  silica 
of  which  has  gone  to  enrich  certain  shells  of  the  immediately 
surrounding  rock.  Some  interest  attaches  to  these  curious  bodies 
from  the  closeness  with  which  they  reproduce  the  micro-structures 
of  the  so-called  Eozoon,  a  subject  sufficiently  dealt  with  by 
Professors  King  and  Rowney.* 

The  succeeding  zone  or  sub -zone,  representing  the  upper  part 
of  the  Balnakiel  group  of  Durness  and  characterised  in  Skye  by 
its  abundance  of  sponges,  only  locally  comes  within  the  area  of 
most  intense  metamorphism,  but  nevertheless  shows  a  noteworthy 
formation  of  new  minerals  even  at  considerable  distances  from  the 
granite.  The  metamorphism  of  the  sponges  is  here  the  principal 
point  of  interest.  The  outer  crust  of  each  is  replaced  usually  by 
a  matted  aggregate  of  tremolite  fibres,  mixed  with  granular  calcite, 
giving  a  rather  silky  lustre  on  a  hand-specimen  [6736,  6739]. 
In  the  interior  diopside  has  usually  been  formed  instead  of 
tremolite,  and  the  granular  aggregate  of  carbonates  in  which  this 
is  embedded  is  largely  dolomite  [6798]. 

The  Croisaphuill  limestone,  characterised  by  the  presence  of 
small  black  cherts  of  irregular  shape,  is  farther  from  the  granite, 
but  it  too  has  been  in  some  places  considerably  metamorphosed. 
The  effects  are  usually  not  very  evident  in  the  field,  but  to  this 
there  are  exceptions.  One  specimen,  for  example,  shows  a 
weathered  face  studded  with  minute  light-coloured  crystals,  about 

*  Quart.  Joum.  Geol.  Soc.,  vol.  xxii.,  pp.  185-218  :  1866.  Bep.  Brit.  Assoc. 
for  1870,  Sections  p.  78  (abstract  only).  An  Old  Chapter  of  the  Geological 
Eecord,  pp.  xvi.,  11,  41,  etc.  :  1881. 
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-^  inch  long,  which  are  found  to  be  diopside  [6745].  This 
mineral  seems  to  be  the  commonest  new-formed  silicate  in  this 
group. 

The  metamorphosed  dolomitic  limestones  as  a  whole  afford  a 
considerable  number  of  new  minerals,  prominent  among  which 
are  silicates  containing  lime  and  magnesia,  and  especially 
those  rich  in  magnesia.  Tremolite  and  diopside  have  already 
been  mentioned.  The  former  occurs  usually  in  little  needles, 
massed  or  felted  together  in  patches,  and  is  very  common 
in  the  outer  portion  of  the  metamorphic  aureole  of  Beinn 
an  Dubhaich,  especially  in  connection  with  sponge-forms. 
Diopside  is  very  widely  distributed,  both  in  the  less  altered  and 
the  more  altered  rocks.  It  usually  forms  rather  rounded  ciystal- 
grains  of  small  size ;  but  is  sometimes  large  enough  to  be  easily 
visible  to  the  eye,  and  then  often  shows  good  crystal-forms.  A 
rock  about  ^  mile  S.E.  of  Suardal  contains  nodular  masses  an 
inch  or  two  in  diameter  composed  wholly  of  this  mineral,  the 
individual  crystals  ranging  up  to  ^  inch  in  length  [6738].  The 
diopside  is  always  colourless  in  thin  slices,  and  visible  crystals  are 
white  with  the  lustre  and  general  aspect  of  a  felspar.  Another 
interesting  mineral  is  the  magnesian  olivine,  forsterite,  which 
appears  to  be  very  common,  and  has  probably  been  more  so, 
being  now  often  replaced  by  serpentine.  It  has  been  identified 
by  Mr  Teall,  and  two  examples  analysed  by  Dr  Pollard  (see 
p.  149).  In  thin  slices*  it  is  often  difficult  to  distinguish  from 
diopside,  occurring  commonly  in  the  form  of  rounded  grains  with 
the  same  general  characters  as  the  latter  mineral.  The  forsterite 
is  usually  more  rounded  than  the  diopside,  and  when  they  occur 
together  the  less  perfect  cleavage  is  also  a  point  of  distinction 
[6739].  In  some  cases,  however,  the  forsterite  builds  well- 
shapea  crystals  of  characteristic  form  [6805].  Only  exceptionally 
is  it  to  be  identified  on  a  hand-specimen;  but  some  examples 
show  it  projecting  on  a  weathered  face  in  the  form  of  abundant 
little  whitish  tabular  crystals,  up  to  ^  inch  in  diameter  [6743]. 

Other  minerals  are  of  more  local  distribution.  Little  flakes 
of  silvery  white  mica  are  scattered  through  some  parts  of  the 
highly  metamorphosed  lower  Balnakiel  limestone  of  the  granite 
area.  They  lie  along  certain  bands,  but  have  no  parallel  orienta- 
tion [6744].  In  one  place  there  are  nests  about  two  inches  in 
diameter  consisting  of  a  pale  green  talcose  mineral  in  large  flakes 
[6740].  At  Camas  Malaig,  not  far  from  the  granite-contact,  we 
find  small  nodular  patches  composed  of  idocrase  and  garnet  [6782]. 
In  one  specimen  only,  at  about  500  yards  W.S.W.  of  Kilbride, 
have  we  observed  small  octahedra  of  a  violet  spinel  [7083]. 
There  is  also  an  opaque  sulphide,  probably  pyrrhotite,  in  the  same 
rock. 

The  metamorphosed  representatives  of  the  Cambrian  limestones 
include  not  only  rocks  composed  of  carbonates  and  new-formed 
silicates,  but  also  in  places  others  which  consist  essentially  ot 

♦See  Marker,  Petrology  for  Students^  3rd  ed.,  Fig.  73  :  19Q2. 
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I.  Forsterite,   forming  tabular  crystals   in    pale  grey  marble 

(metamorphosed  representative  of  Balnakiel  group)  [6743], 
\  mile  W.  by  N.  of  outlet  of  Loch  Lonachan :  anal. 
W.  Pollard,  Summary  of  l^ogresa  for  1900,  p.  156.  In 
this  and  the  following  analyses  the  iron  was  estimated 
as  ferric  oxide,  but  is  calculated  to  ferrous.  The  molecular 
ratio,  MgO :  SiO^  =  1-8  : 1. 

II.  Forsterite,  forming  rounded  grains  in  banded  serpentinous 

marble  (lower  part  of  Balnakiel  group)  [6783],  near  shore 
north  of  Camas  Malaig,  Torran :  anal.  W.  Pollard,  ibid. 
This  mineral  is  the  source  of  the  serpentine  in  the  rock. 
Molecular  ratio,  MgO :  SiOj,      200  : 1. 

A.  Forsterite  from  marble  of  Ledbeg,  Sutherland  [3099] :  anal. 

W.  Pollard,  ibid.     Molecular  ratip,  MgO  :  SiO^  =  202  : 1. 

B.  Forsterite,  forming  grains  in  the  Glenelg  Limestone  [7923], 

rather  more  than  f  mile  east  of  Sgiath  Bheinn,  Glenelg, 
Inverness-shire:  anal.  W.  Pollard,  Quart.  Joum.  Qeol.  8oe., 
vol.  Iv.,  p.  379 :  1899.    Traces  of  TiO^  and  F. 


calcite  and  some  hydrated  magnesian  mineral,  the  latter  presum- 
ably formed  subsequently  at  the  expense  of  some  product  of 
thermal  metamorphism.  Of  these  rocks  we  may  distinguish  two 
types ;  the  ophicalcites,  composed  of  calcite  and  serpentine,  and 
the  predazzites  and  pencatites,  composed  of  calcite  and  brucite. 

The  ophicalcite  type  is  found  in  some  parts  of  the  lower  Balnakiel 
limestone,  where  the  rock  is  a  rather  coarsely  saccharoid  marble 
abundantly  streaked  and  banded  on  a  small  scale  with  sulphur- 
yellow  serpentine.  The  same  thing  is  seen  in  the  concentric- 
shell  structures  in  these  rocks,  already  mentioned.  Good 
specimens  can  be  obtained  in  the  more  southerly  of  the  two  small 
quarries  by  the  Boreraig  foot-path  or  at  Camas  Malaig  near 
Torran  [6804,  6783].  The  serpentine  has  clearly  been  formed 
from  grains  of  a  silicate-mineral,  portions  of  which  often  remain 
undestroyed.    In  many   cases    at   least    this    parent-silicate    is 
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forsterite:  whether  diopside  has  also  contributed  is  a  question 
which  we  have  not  certainly  decided. 

The  predazzite  and  pencatite  type*  is  found  in  several  localities. 
Some  of  the  grey  or  mottled  white  and  grey  rocks  in  the  area 
of  extreme  metamorphism  next  the  granite  belong  here ;  but  the 
purest  example  comes  from  the  small  quarry  near  the  southern 
angle  of  the  Glebe  fence.  The  rock  here  is  of  fine  texture  and  dull 
white  colour,  and  has  the  specific  gravity  2*574.  A  slice 
[7082]  shows  a  calcite  mosaic  enclosing  abundant  grains  of  a 
colourless  mineral  of  low  refringence  and  rather  high  birefringence, 
which  has  been  identified  by  Mr  Teall  as  brucite.t  Much  of  it 
shows  a  fibrous  structure  or  sometimes  a  more  confused  arrange- 
ment, and  it  is  doubtless  pseudomorphic.  In  other  cases  the 
mineral  shows  a  finely  granular  structure.  In  no  instance  are 
any  relics  preserved  of  the  mineral  which  the  bnicite  replaces,  and 
the  outlines  are  not  characteristic,  being  always  more  or  less 
rounded ;  but  it  may  be  supposed  with  much  probability  that 
the  brucite  comes  from  the  hydration  of  periclase  formed  in  the 
metamorphism  of  a  magnesian  limestone. 

Mr  Teall's  researches  on  the  marbles  of  Sutherland  and  Skye 
bring  out  a  principle  of  great  interest  and  doubtless  of  wide 
application,  viz.  the  de^olomilisation  of  dolomitic  limestones  by 
thermal  metamorphism.  In  the  Strath  district,  outside  the 
metamorphic  aureoles,  both  divisions  of  the  Balnakiel  group  are 
found  in  general,  though  not  everywhere,  to  be  completely 
dolomitised.  In  the  metamorphosed  equivalents  of  these  rocks, 
the  carbonate  is  as  a  rule  calcite,  dolomite  being  usually  absent,  or 
present  only  in  subordinate  amount.  This  results  from  the  t&ct 
that  the  new-formed  minerals  have  taken  up  magnesia  in  prefer- 
ence to  lime,J  thus  reducing  the  ratio  of  magnesia  to  lime  in  the 
residual  carbonate  or,  in  other  words,  converting  a  large  part  or  the 
whole  of  the  dolomite  to  calcite.  Of  the  common  minerals  produced 
in  the  metamorphism  of  these  rocks,  the  forsterite  (with  its 
derivative  product  serpentine)  is  purely  magnesian,  and  its  forma- 
tion would  necessarily  set  free  a  corresponding  amount  of  calcite 
from  the  destruction  of  the  double  carbonate.  The  same  is  true  of 
periclase  and  brucite.  Treniolite,  containing  both  bases  but 
magnesia  considerably  in  excess  of  lime,  indicates  a  selective  effect 
of  the  same  kind  but  in  a  less  degi'ee.  Diopside,  if  corresponding 
with  Tschermak's  fonunla,  contains  lime  and  magnesia  in  equal 

*It  is  most  in  accordance  with  the  original  usage  to  employ  the  name 
pencatite  for  an  aggregate  of  calcite  and  brucite  in  equal  molecular  propor- 
tioji.%  i.e.  with  the  percentage  composition  of  G3'3  calcite  to  36*7  brucite, 
reserving  the  name  predazzite  for  varieties  richer  in  calcite.  The  calculated 
specific  gravity  of  typical  j)encatite  should  then  l)e  about  2*57,  predazzite 
being  denser. 

f  A  specimen  from  Ledbeg,  in  Sutherland,  isolated  and  analysed  by  Dr 
Pollard,  gave  very  closely  the  formula  MgHoO- :  see  Sumynary  of  Progress  of 
Geol  Sur.  for  1900,  p.  155. 

t  We  have  found  no  simple  lime-silicate.  Heddle  records  wollastonite  from 
*'  Coire  Nuadh*'  [perhaps  Coire  Beithe]  of  Beinn  na  Caillich,  Mineralogy  of 
Scotland,  vol.  iL,  p.  29 :  1901. 


Metamorphism  of  Cambrian  Limestones.  151 

molecular  proportions;  but  if  there  has  been  to  any  extent  a 
subsequent  alteration  of  this  mineral  to  serpentine  and  calcite, 
de-dolomitisation  has  in  this  case  been  arrived  at  by  two  stages. 
It  appears  then  that  the  calcite  in  the  marbles  is  itself  to  be 
regarded  as  a  new-formed  mineral  of  metamorphism.  That  it  has 
at  least  been  recrystallised  during  the  metamorphism  might  be 
inferred  from  its  relation  to  the  silicate-minerals  as  seen  in  thin 
slices. 

It  may  be  enquired  whether  de-dolomitisation  is  adequate  to 
account  completely  for  the  comparative  scarcity  of  dolomite  in 
the  highly  metamorphosed  rocks ;  and  a  full  answer  to  this 
question  would  involve  bulk-analyses  of  the  marbles  (carbonates, 
silicates,  etc.,  together)  to  determine  the  molecular  ratio  of  lime  to 
magnesia.  One  such  analysis  has  been  made,  and  gives  an 
affinnative  answer  to  the  question.  The  rock  consists  apparently 
of  calcite,  forstorite,  and  a  colourless  mica;  and  the  partial 
analysis  here  quoted  shows  that  the  molecular  ratio  CaO  :  MgO 
=  1-08  :  1,  agreeing  with  dolomite. 

SiOg 15-96 

AI2O3 0-74 

FOaOg  (total  iron)     -         -         -  070 

M^ 21-43 

CaO 3217 

Ignition 29*22 

100-22 

Marble  [6744],  metamorphosed  lower  Balnakiel  Limestone,  ^  mile 
W.N. W.  of  outlet  of  Loch  Lonachan :  anal.  W.  Pollard, 
Summary  of  Progress  for  1900,  p.  157.  This  analysis  gives 
the  molecular  ratio  CaO  :  MgO  =  108  :  1. 

Another  rock  which  may  be  recalled  in  this  connection  is  that  of 
the  small  quarry  near  the  Glebe  fence.  As  stated  above,  it  is  one 
of  the  predazzite-pencatite  type,  and  since  it  is  composed  merely  of 
calcit«  and  brucite,  its  specific  gravity  is  suflScient  to  determine 
roughly  the  proportions  of  the  two  minerals.  The  calculation 
shows  that  lime  and  magnesia  must  be  present  in  about  equal 
molecular  proportions,  as  in  dolomite.  This  rock  seems  then  to  be 
a  typical  pencatite. 
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CHAPTEE  X. 
Granites  and  Granophyres  :  Petrography. 

We  proceed  to  describe  in  detail  the  acid  rocks  which  build  the 
large  plutonic  masses.  Petrographically  they  vary  from  typical 
granites  to  varieties  which  Bosenbnsch  and  otibers  would  designate 
granophyres.  Sir  A.  Geikie,  treating  the  large  and  small  acid 
intrusions  as  a  whole,  has  for  convenience  embraced  them  all  under 
the  general  term  granophyre.  In  our  more  detailed  account  it  will 
conduce  to  clearness  if  we  call  the  extensive  masses  which  form 
the  Red  Hills  granite,  remembering,  however,  that  in  many  places 
the  rocks  show  some  departure  from  the  typical  granitoid  structure 
in  the  prevalence  of  micrographic  intergrowths  of  felspar  and 
quartz.  The  fine-textured  spherulitic  and  other  varieties,  which  in 
the  Bed  Hills  come  in  only  in  marginal  modifications  and 
apophyses,  as  well  as  the  minor  intrusions  of  granophyre  and 
quartz-felsite  of  later  date,  which  occur  chiefly  outside  the  tract  of 
the  Bed  Hills,  will  be  reserved  for  description  in  a  future  chapter 
(XVI.). 

The  rocks  of  the  Bed  Hills  are  of  pale  tint,  usually  yellowish  on 
weathered  faces.  Little  black  lustrous  crystals  of  augite  or  horn- 
blende are  usually  visible.  In  many  of  the  rocks  these,  with 
distinct  crystals  of  felspar  and  irregular  little  grains  of  quartz, 
are  embedded  in  a  mass  which  has  the  rather  dull  confused 
appearance  characteristic  of  fine  micropegmatite.  In  the  more 
granitoid  rocks,  on  the  other  hand,  all  the  principal  elements  are 
apparent  to  the  eye,  or  with  a  lens,  and  sometimes  little  flakes  of 
dark  mica  are  seen  in  addition  to  hornblende. 

The  chemical  composition  of  the  average  type  of  the  rocks  is 
fairly  represented  by  two  complete  analyses  made  by  Dr.  Pollard 
and  quoted  in  columns  I.  and  II.  below.  The  rocks  analvsed  are 
homblende-bearing  granophyres,  the  first  from  the  large  continuous 
area  of  the  main  Bed  Hills,  the  second  from  an  independent 
laccolitic  or  silUike  intrusion,  more  than  a  mile  across,  forming 
Beinn  a'  Chaim,  to  the  north  of  Loch  Eishort.  The  latter  rock 
belongs  to  a  group  of  minor  intrusions  to  be  described  in  a  later 
chapter  (XIII.),  but  is  introduced  in  this  place  to  show  its  close 
resemblance  to  the  large  mass.  Partial  analyses  of  other  specimens, 
selected  for  special  purposes,  are  given  under  III.  and  IV.,  and  for 
comparison  with  the  Skye  rocks  we  reproduce  published  analyses 
of  similar  Tertiary  intrusions  from  Ireland  and  one  of  the  Carrock 
Fell  rock,  which  may  also  be  of  Tertiary  age  though  the  evidence 
is  inconclusive.  Of  the  Mull  and  Arran  granites  no  analyses 
have  yet  been  published. 
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It  may  be  remarked  that  the  British  Tertiary  granites  (and 
granophyric  granites)  fall  into  two  sub-groups,  a  more  and  a  less 
acid.  In  the  first  sub-group  the  silica-percentage  is  about  75  to 
77.  The  ferro-magnesian  element  is  characteristically  biotite,  and 
is  present  only  sparingly.  This  sub-group  includes  the  granites  of 
St  Kilda,  the  Moume  Mountains,  and  the  main  mass  of  Arran,  but 
is  represented  in  Skye  only  by  the  Beinn  an  Dubhaich  intnision. 
In  the  second  sub-group  the  silica-percentage  is  70  to  72.  The 
ferro-inagnesian  minerals  are  hornblende  and  augite,  and  are  more 
abundant  than  before.  Also  there  is  a  stronger  tendency  to  micro- 
graphic  intergrowth  of  felspar  and  quartz,  so  that  many  of  the 
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I.  Hornblende  Granophyre  [7124],  Druim  Eadar  da  Choire  :  anal. 
W.  Pollard,  Summary  of  Progress  for  1899,  p.  174.  (The 
P2O5  and  01  here  and  the  01  in  the  next  analysis  have  been 
inserted  subsequently.) 

II.  Hoi*nblende-Granophyre  [7064],  Beinn  a'  Oh^im,  3^  miles 
S.  by  W.  of  Broadfoixi:  anal.  W.  Pollard,  ibid.,  p.  173. 
Fluorine  and  sulphur  sought  but  not  found. 

III.  Riebeckite-Granophyre  [8856],  between  Meall  Dearg  and  Druim 
an  Eidhne  :  anal.  W.  Pollard. 

lY.  Granite  [8693]  of  Beinn  an  Dubhaich  boss,  in  contact  with 
limestone  in  AUt  Oadha  na  Eglais :  anal.  W.  Pollard. 

A.  Biotite-Granite,   base  of  Slieve  na  Glogh,  Oarlingford ;    anal. 

S.  Haughton,  QiloH.  Joum,  Geol,  Soc,j  vol.  zii.,  p.  194:  1856. 

B,  Hornblende-Granite,  Grange  Irish,  Oarlingford  :  anal.  S.  Haugh- 

ton, ibid.y  p.  195. 

0.  Biotite-Granite,  Slieve  Oorragh,  Moume  Mountains :  anal. 
S.  Haughton,  ibid,,  p.  192. 

D.  Augite-Granophyre,  Oarrock  Fell,  Oumberland :  anal.  G.  Barrow, 
Quart.  Joum,  OeoL  Soc.,  vol.  li.,  p.  129  :  1895. 

rocks  are  most  typical  granophyres.  Here  we  include  almost  all 
the  Skye  rocks,  with  those  of  Mull  and  Oarlingford,  and  the  grano- 
phyre (of  doubtful  age)  of  Oarrock  Fell.    We  have  not  had  the 
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opportunity  of  studying  specimens  from  the  Isle  of  Bum.  The 
rocks  of  the  two  sub-groups  seem  to  occur  always  in  separate  areas, 
and  we  are  not  able  to  say  whether  there  is  any  constant  relation 
between  them  as  regards  relative  age. 

The  analyses  show  little  that  is  out  of  the  ordinary.  It  will  be 
observed  that  soda  and  potash  are  about  equally  contained  in  these 
Skye  rocks,  when  calculated  to  molecular  proportions,  one  or  other 
alkali  slightly  predominating.  The  molecular  ratio  Na^O :  KjO 
is,  for  the  first  three  analyses 

112,  0-92,  1-20. 

The  third  rock,  from  Meall  Dearg,  is  somewhat  richer  than  the 
others  in  alkalies,  and  especially  in  soda;  and  this  peculiarity 
shows  itself  in  the  formation  of  riebeckite  as  the  ferro-magnesian 
element,  while  part  of  the  felspar  seems  to  be  of  the  'anorthoclase* 
type. 

Some  approximation  to  the  percentage  mineralogical  composition 
of  the  rocks  may  be  arrived  at  by  comparison  of  the  chemical  and 
microscopical  analyses.     A  rough  calculation  gives  the  results : — 


I. 

n. 

Quartz       -         -         -         - 

27 

29 

Orthoclase          -        -        - 

11}'' 

29  \ 
30/ 

Oligoclase           -        -        - 

Hornblende  (with  iron-ores) 

17-5 

11-5 

Apatite      -        -        -        - 

0-5 

0-5 

59 


100  100 

For  the  Carlingford  granites  Haughton,  using  a  somewhat  diflFerent 
method  of  calculation,  found : — 


A. 

B. 

Quartz 

20-70 

1716 

Felspars    - 

66-37 

67-18 

Mica 

12-76 

... 

Hornblende 

•    •    • 

15-40 

99-83  99-74 

Without  actual  analyses  of  the  constituent  minerals  such  calcula- 
tions cannot,  of  course,  give  more  than  rough  approximations ;  but 
it  appears  that  our  rocks  are  richer  in  quartz  and  poorer  in  felspar 
than  the  Irish  examples  analysed. 

A  point  of  some  interest  as  supplementing  the  ordinary  chemical 
analyses  relates  to  the  nature  and  amount  of  the  gaseous  con- 
stituents contained  in  the  rocks,  chiefly  if  not  wholly  as  inclusions 
in  the  crystallised  minerals.  Professor  Tilden*  found  that  two 
granites  from  Skye  yielded  respectively  1-6  and  2*8  times  their 

"''TriK.  Roy.  Soc.y  vol.  Ix.,  pp.  453-457  :  1897.  Cheni.  News,  vol.  Ixxv., 
pp.  169,  170  :  1897. 
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own  volume  of  mixed  gases.     The  percentage  composition  of  these 
gases  was  found  in  one  case  to  be : — 

CO2 23-60 

CO 6-45 

CH4 302 

N2 5-13 

H.  -----  61-68 


99-88 


The  important  part  played  by  hydrogen  in  this  and  other  rocks  and 
minerals  investigated  is  a  novel  point.  Spectroscopic  examination 
failed  to  detect  helium.  The  actual  amount  by  weight  of  these 
gases  in  the  rock  is,  of  course,  very  small,  being  only  about  0*04 
and  0*07  per  cent,  in  the  two  cases. 

A  large  number  of  specific  gravity  determinations  were  made  on 
the  large  acid  intinisions.  In  some,  as  will  be  noticed  later,  the 
composition  of  the  rock  has  been  modified  by  absorption  of  gabbro 
or  other  basic  material,  and  the  density  accordingly  raised. 
Excluding  these,  we  find  for  forty  specimens  of  granites  and 
relatively  coarse  granophyres  from  the  large  masses  the  mean 
value  2*59,  the  extreme  figures  being  251  and  2'65.  Separating 
the  rocks  from  different  parts  of  the  area,  we  obtain  results  as 
follows : — 


Creag  StroUamus  district. 
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>> 
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2-61 
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5? 

2-63 

If  these  figures  may  be  regaixied  as  significant,  they  show  that  the 
rocks  are  somewhat  denser  (and  presumably  somewhat  less  acid)  to 
the  W.  or  S.W.  than  they  are  to  the  E.  or  N.E. 

Grouping  the  specimens  in  another  way,  we  find  some  apparent 
relation  between  the  density  of  the  rocks  and  their  microstructure. 
For  thoroughly  granitoid  examples  the  average  specific  gravity  is 
found  to  be  2-61,  but  for  typical  granophyres  2*59,  while  the 
spherulitic  modifications  found  locally  on  the  margin  of  a 
mass  and  as  apophyses  give  on  the  average  only  2'53  or  2*54, 
resembling  in  their  low  density  many  of  the  minor  acid  intrusions 
of  later  date.  Since  all  the  rocks  are  holocrystalline,  this  would 
seem  to  indicate  that  the  typically  granitoid  varieties  are  in  general 
the  richest  in  heavier  minerals.  It  must  be  remembered,  however, 
that  the  specific  gravity  of  igneous  rocks  is  considerably  affected  by 
secondary  changes,  and  the  differences  indicated  may  be  due,  at 
least  in  part,  to  the  varying  freshness  or  alteration  of  the  rocks. 

The  essential  constituents  of  the  Skye  granites  and  granophyres 
are  quartz,  two  felspars,  and  one  or  two  minerals  of  the  ferro- 
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migniwan  difinoii.  Thew  latter  indiide  hocnUande,  angite, 
biotite,  and  exoepiioiiaUj  riebeckite.  The  cnmmon  tcemmnj 
minerals  are  magnetite,  spheoe,  nroon,  and  i^Mitite. 

If  we  adopt  the  costomazy  sabdivision  of  die  rocks  according  to 
the  dominant  ferro-magnedan  element,  we  find  that  they  fidl 
nnder  the  heads  homblende-gnmite  ("  homblende-granitite''  of  some 
authors,  since  there  is  often  subordinate  biotite)  ud  angite-granite 
(often  with  hornblende  in  addition).  We  find  farther  that  the 
typically  granitoid  rocks  mostly  belong  to  the  former  category, 
while  the  latter  is  always  characterised  by  more  or  less  tendency  to 
"  granophyric,"  i,e.  micrographic,  stractnres,  often  taking  the 
form  of  true  micropegmatite.  This  constant  association  of  micro- 
graphic  stractnres  with  aagite  is  not  peculiar  to  Skye,  but  seems 
to  embody  some  law  of  general  application.  The  Garrock  Fell 
rock  is  an  example.  Among  the  numerous  acid  intrusions  of 
Caemanronshire  the  typical  granophyres  always  carry  augite,  to 
the  exclosions  of  biotite ;  the  ruder  types  of  granophyre  and  the 
granite-porphyries  contain  the  two  minerals  together ;  and  the  true 
OTanites  have  biotite  alone.  In  Skye  we  find  no  biotite-granites 
(without  hornblende),  and  original  white  mica  never  occurs. 
FetrographicaUy,  then,  the  majority  of  our  rocks  divide  into 
hornblende-granites  (with  or  usually  without  subordinate  biotite) 
and  augite-granophyres  (very  often  with  hornblende  in  addition), 
some  homblende-granophyres  afibrding  a  connecting  link  between 
the  two.  Typical  augite-granites  are  indeed  found,  as  on  parte  of 
Marsco,  but  they  are  to  be  regarded  as  exceptional.  Sinularly  a 
biotite-granophyre,  though  it  is  found  in  Am  Fuar-choire  and 
perhaps  elsewhere,  seems  to  be  of  comparatively  rare  occurrence. 

Two  felspars  are  constantly  present,  a  plagioclase  and  an  ortho- 
clase.  In  many  of  the  slides  the  latter  seeras,  on  a  first  impression, 
to  predominate  largely,  but  closer  examination  often  reveals  twin- 
lamellation  in  crystals  which  at  a  glance  look  like  simple  indi- 
viduals. The  difficulty  of  verifying  this  arises  partly  from  the 
turbid  aspect  of  many  of  the  crystals,  partly  from  their  low 
extinction-angles  reckoned  fix)m  the  twin-line.  In  symetrically- 
cut  sections  the  angles  are  in  a  large  number  of  cases  not  more 
than  3*  or  4*.  It  is  evident  then  that,  besides  the  true  monoclinic 
felspar,  there  is  usually  present  a  triclinic  variety  with  very  low 
extinction-angle.  It  must  be  an  oligodase  of  composition  not  very 
different  from  Ab^An^  or  AbjAn,,  which,  according  to  Michel 
L6vy,  give  Pand  5*  respectively.  In  addition,  many  of  the  slides 
contain  lamellated  crystals  with  extinction-angles  up  to  16°  or  18° 
in  symmetrical  sections.  This  third  felspar  is  of  a  less  acid  variety, 
and  its  properties  correspond  with  oligoclase-^indesine,  with  a 
constitution  represented  approximately  by  AbgAuj. 

The  plagioclase  felspars  have  formed  before  the  orthoclase  and 
quartz,  and  are  idiomorphic,  especially  when  enclosed  by  the  ortho- 
clase, as  is  sometimes  the  case.  Carlsbad  twinning  is  often  seen  in 
addition  to  the  constant  albite-lamellation,  while  pericline-lamellsB 
come  in  in  some  of  the  broader  crystals.  Sometimes,  and  especially 
in  the  micrographic  rocks,  polarised  light  reveals  a  zonary  banding 
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which  indicates  that  a  crystal  is  not  homogenous  in  composition. 
The  interior,  for  instance,  may  be  a  basic  oligoclase  or  oligoclase* 
andesine  with  positive  extinction-angle,  this  being  followed  by  an 
intermediate  zone  of  oligoclase  with  sensibly  straight  extinction, 
while  the  margin  is  of  albite-oligoclase  with  negative  extinction- 
angle.  In  other  cases  a  narrow  border  of  orthoclase  occurs  :  this 
is  found  in  granophyres  rather  than  true  granites. 

The  orthoclase  in  these  rocks  is  more  readily  affected  by 
weathering  than  the  plagioclase  felspars,  and  is  always  more  or 
less  turbid,  often  almost  opaque  in  thin  slices.  The  change  is  of 
the  kind  often  described  as  **  kaolinisation,"  though  whether  the 
finely  divided  secondary  product  is  kaolinite  or  muscovite  it  is 
not  possible  to  say.  The  crystals  are  allotriomorphic,  and  in  the 
truly  granitoid  rocks  tend  to  enclose  quartz-grains  as  well  as 
plagioclase  and  other  minerals,  while  in  the  granophyric  varieties 
the  bulk  of  the  orthoclase  figures  in  the  micrographic  intergrowths. 
In  other  words,  the  orthoclase  has  crystallised  slightly  posterior  to 
or  simultaneously  with  the  quartz. 

In  certain  granophyres  from  Druim-an-Eidhne  and  Meall  Dearg 
occurs  a  felspar  which  may  be  referred  doubtfully  to  the  anortho- 
close  or  cryptoperthite  group,  the  crystals  being  unfortunately  not 
fresh  enough  for  precise  examination.  Their  shapes  in  sections  are 
diflScult  to  reconcile  with  the  usual  habits  of  either  orthoclase  or 
plagioclase,  and  compare  rather  with  the  peculiar  felspar  of  the 
Norwegian  rhomb-porphyries  [2667,  B].  Usually  without  evident 
twinning,  they  present  nevertheless  between  crossed  nicols  a 
curious  mottled  appearance,  little  patches  of  irregular  form 
extinguishing  at  a  slightly  difiFerent  angle  from  the  rest.  This 
recalls  the  "felderweise  mikroperthitische  structur"  often  described 
in  anorthoclase.  It  is  significant  that  this  felspar  is  found  only  in 
rocks  otherwise  exceptional  in  containing  riebeckite,  and,  as  the 
analysis  shows,  relatively  rich  in  soda. 

The  quartz  in  these  rocks  occurs  either  in  rather  rounded 
irregular  grains,  which  are  often  embraced  by  or  enclosed  in  the 
orthoclase,  or  in  micrographic  intergrowth  with  that  mineral.  It 
contains  in  most  cases  numerous  minute  fluid-pores  with  bubbles, 
and  in  some  rocks  Zirkel*  detected  also  cubes  of  salt  (Glamaig). 

The  augite  always  occurs  in  roughly  idiomorphic  crystals,  though 
not  very  sharply  bounded  by  good  faces.  In  some  of  the  grano- 
phyric rocks  it  is  found  in  two  rather  different  habits,  which  may 
perhaps  indicate  two  distinct  generations;  viz.,  in  columnar 
crystals,  averaging  about  ^  inch  in  length,  and  in  smaller  and 
more  slender  crystals,  forming  groups  enclosed  in  quartz  or  micro- 
pegmatite;  6.gr.,  on  Druim  nan  Cleochd  [2668,  3198].  Twinning 
has  not  been  observed.  The  augite  is  of  a  green,  as  distinguished 
from  a  brown,  variety,  but  varies  in  thin  slices  from  bright  green 

to  sensibly  colourless.     The  extinction-angle  cjC  is  about  the  same 

for  all  tints,  viz.  89°  to  42°.    There  is  no  perceptible  pleochroism. 

Very  common  is  the  conversion  of  the  augite,  whether  green  or 

*Zeit$,  deuta,  geol.  Qes,^  vol.  xziii.,  p.  89  :  1871. 
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colourless,  to  green  hornblende.  The  latter  is  not  fibrous,  and 
difiers  in  no  respect  from  original  hornblende  in  the  same  rocks. 
Partially  altered  crystals  show  the  invariable  crystallographic 
relation  between  the  two  minerals,  as  already  noted  in  the  gabbros. 
Other  modes  of  alteration  of  the  augite  give  rise  to  chlorite, 
limonite,  less  frequently  epidot^,  and  perhaps  magnetite. 

The  original  hornblende  builds  crystals  which  often  show  the 
prism  and  clinopinacoid  faces  and  sometimes  terminal  planes.  In 
some  granophyric  rocks  there  are  two  distinct  habits  similar  to 
those  remarked  in  the  case  of  augite  [2668].  These  are  not 
derivative  after  augite,  though  in  some  other  rocks  in  the  collection 
doubt  may  arise  on  this  point.  The  hornblende,  like  the  augite, 
is  always  untwinned. 

The  mineral  is  always  deeply  coloured  in  thin  slices,  and  often 
in  some  brownish  tone  of  green.  In  the  truly  granitoid  rocks, 
where  we  should  expect  a  green  hornblende,  it  is  often  brown  or 
greenish  brown,  four  examples  giving  the  following  pleochroism- 
scheme: — 

Jl,  light  yellowish  brown. 

b,  deep  brown  (with  very  little  tone  of  green)  or  greenish 

brown. 
C,  deep  brownish  green  (almost  opaque)  to   deep  brown 

(with  only  a  slight  tone  of  green). 

In  the  granophyric  rocks  the  hornblende  is  constantly  green,  some- 
times of  a  bright  tint  very  like  that  of  the  augite.  The  extinction- 
angle  ct  is  always  about  16°  to  18^. 

The  dark-blue  soda-amphibole  rieheckite  is  restricted,  so  far  as  our 
observations  go,  to  Meall  Dearg  and  the  neighbouring  part  of 
Druim  an  Eidhne,  where  it  was  first  detected  by  Mr  Teall,*  and 
the  only  other  record  of  its  occurrence  in  the  Inner  Hebrides  is  at 
Ailsa  Craig.f  It  presents  in  our  specimens  crj'^stals  of  two 
different  habits  side  by  side,  a  feature  noticeable  in  various  other 
riebeckite-bearing  rocks.  The  larger  crystals  are  sometimes  partly 
idiomorphic,  sometimes  allotriomorphic  and,  it  may  be,  of  a  very 
irregular  shape,  showing  a  ragged  sponge-like  appearance  in  slices; 
while  the  smaller  ones  are  idiomorphic,  having  the  prism-faces  and 
sometimes  the  clinopinacoid,  with  ragged  terminations  (Fig.  34). 

The  axis  ^  is  very  near  to  the  vertical  crystallographic  axis,  the 
inclination  being  seemingly  3°  or  4°,  though  the  intense  absorption 
prevents  any  very  precise  measurement.     The  pleochroism  is : — 

^  and  b,  deep  indigo  blue. 

£,  greenish  brown  to  brownish  green. 

In  one  or  two  slides  from  Marsco  occur  idiomorphic  crystals,  about 
-^  inch  in  length,  of  a  hornblende  with  a  distinct  blue-green  tint, 
suggesting  the  presence  of  the  riebeckite-molecule  in  small 
quantity. 

♦  QMart,  Joum.  Geol.  Soc,  vol.  1.,  p.  219  :  1894. 

t  Teall,  Afin.  Mag.,  vol.  ix.,  pp.  219-221  :  1891.  Heddle,  Trans.  Edxn. 
Qeol.  Soc,  vol.  vii.,  pp.  265-267,  PI.  XV.,  XVI.  :  1897. 
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The  biatite  of  the  Skye  granites  occnrs  in  flakes  of  a  deep  brown 
colour,  and  is  probably  a  haughtonite.  For  vibrations  parallel  to 
the  cleavage  the  absorption  is  strong,  almost  to  opacity.  The 
extinction  is  sufficiently  oblique  in  some  flakes  to  verify  a  lamellar 
twinning  parallel  to  the  basal  plane.  Decomposition  gives  rise  to 
chlorite  and  sometimes  epidote. 

The  opaque  iron-ore  of  these  rocks  seems  to  be  always  magnetite, 
and  the  grains  usually  show  more  or  less  of  the  octahedral  form. 


Fia.  34. —Some  rarer  mmeralx  of  the  granophyres     AtoDxSOEtoH 
X  100. 
A  to  D  are  nebeckite  cTyatala  from  the  granophjre  of  Meall  Denrtj, 


£  and  Ti  show  an  unidentified  brown  mineral  intergrown  with  green 
homeblende  in  a  granophyre  from  Druim  na  Cleochd  [3198]. 

G  and  H  are  twinned  ctjBtate  of  allanite(?)  in  the  granophyre  of 
AUt  Feama,  near  Broadfoni.     In  the  former  are  »hown  the  approximate 

poaitiona  of  the  axes  of  strongest  absorption  for  the  two  individuals. 

The  mineral  occurs  only  in  quite  subordinate  quantity."  It  is 
often  intimately  associated  with  the  augite.  The  sphene,  on  the 
other  hand,  is  associated  with  hornblende,  and  belongs  characteristi- 
cally to  the  granitoid  as  distinguished  from  the  granophyric 
varieties.  It  is  in  imperfect  crystals  or  rounded  grains,  with  a  faint 
brownish  tint  in  thin  slices.     The  riebeckite-granophyre  contains 

*In  one  place  only,  50  yards  S.E.  of  the  old  ruined  Manso  at  Kilchriat, 
was  found  a  lode  of  m^netic  iron-ore.  It  cuts  the  granite  vertically,  bearing 
a  little  N.  of  W.,  and  terminates  at  the  junction  of  the  granite  with  the 
Cambrian  limestone, 
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flakes  of  what  appears  to  be  ilmenitey  opaque  or  rarely  translncent 
and  then  deep  brown. 

Most  of  the  rocks  contain  apatite,  though  its  distribution  in  any 
given  rock  is  often  rather  local.  It  bmlds  little  prisms  of  the 
usual  habit,  which  penetrate  or  are  enclosed  by  other  minerals ; 
and  frequently  a  number  of  minute  needles  are  clustered  together, 
usually  enclosed  in  quartz.  In  certain  places  on  Marsco,  where 
the  granite  encloses  portions  of  gabbro  and  is  often  modified  in 
composition  thereby,  apatite  is  unusually  abundant,  and  there 
occurs  in  rather  stouter  prisms  with  the  regular  hexagonal  cross- 
section.  The  fact  that  in  Skye  apatite  is  more  abundant  in  the 
granites  than  in  the  gabbros  is  not  in  accord  \vith  what  is  usually 
found  on  comparison  of  acid  with  basic  rocks,  but  it  is  evident  in 
the  large  collection  of  slices  which  we  have  examined,  and  is  con- 
firmed by  Dr  Pollard's  analyses.  Another  point  of  interest  is  that 
the  acid  rocks  were  found  to  contain  chlorine  but  no  fluorine. 
Here  the  halogen  elements  can  belong  only  to  the  apatite,  and  we 
see  that  our  rocks  do  not  bear  out  the  rule  which  would  assign  the 
chlor-apatites  to  the  basic  and  the  fiuor-apatites  to  the  acid  rocks. 
The  Skye  granites  do  not  stand  alone  in  this  respect.* 

Less  frequent  and  less  widely  distributed  in  the  granites  is  zircon, 
always  in  minute,  well-shaped  crystals.  When  enclosed  in  biotite, 
as  is  generally  the  case,  it  is  always  surrounded  by  the  well-known 
"  halo  "  of  intense  absorption  and  pleochroism. 

In  one  slice,  of  a  granophyre  from  AUt  Feama,  near  Broadford, 
there  occur  small  twinned  crystals  of  a  mineral  which  we  identify 
as  allanite  (see  Fig.  34,  6  and  H).  It  is  of  an  intense  brown  colour 
with  strong  pleochroism.  The  strongest  absorption  gives  a  very 
deep  red-brown  colour,  approaching  opacity,  while  for  vibrations  in 
a  direction  perpendicular  to  this  the  colour  is  a  deep  brown  of  a 
greyer  or  greener  tone.  The  mean  refringence  is  high,  and  the 
extinction-angles  from  the  the  twin-line  are  wide ;  but  the  strong 
absorption  precludes  any  accurate  determination  of  these  angles  or 
of  the  birefringence.  Another  rock,  a  hornblende-granophyre 
from  Druim  nan  Cleochd,  also  contains  a  strongly  absorptive  and 
pleochroic  brown  mineral,  which  is  here  intergrown  with  green 
hornblende  (Fig.  34,  E  and  F).  The  colours  are  like  those  of 
haughtonite,  but  the  most  intense  absorption  (practically  opacity) 
is  for  transverse,  not  longtitudinal,  vibrations.  The  extinction- 
angle  is  quite  low,  but  cannot  be  determined  with  precision.  There 
are  no  evident  cleavage-traces,  but  a  very  marked  striation  making 
a  high  angle  with  the  direction  of  elongation.  These  properties  do 
not  agree  with  those  of  any  known  amphibole  mineral. 

As  regards  micro-struchcre,  the  rocks  which  build  the  large 
intrusive  masses  of  the  Red  Hills  are,  as  has  been  said,  sometimes 
granitoid,  sometimes  granophyric,  with  many  varieties  of  micro- 
pegmatite.  On  the  whole  the  latter  predominate,  and  a  strong 
tendency  to  graphic  intergrowths  of  felspar  and  quartz  may  be 

*  In  five  granites  from  the  eastern  Highlands  of  Scotland  Dr  Mackie  found 
that  the  percent^e  of  chlorine  amounted  on  the  average  to  0*054.  Trans. 
Edin.  Geol.  8oc,,  vol.  vii.,  p.  64  :  1901. 
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regarded  as  the  most  striking  petrographical  feature  of  this 
assemblage  of  acid  rocks.  In  the  fine-textured  marginal  modifica- 
tions, and  in  minor  intrusions  and  apophyses  of  the  large  masses, 
this  tendency  is  even  more  marked,  and  ofben  assumes  the  form  of 
spherulitic  structures.  It  is  clear,  however,  that  no  difierence  of 
an  essential  kind  exists  between  "  micropegmatite,"  "  pseudo- 
spherulites,"  and  some  spherulites  with  fairly  regular  black  cross, 
as  developed  in  these  rocks ;  and  we  may  conveniently  emphasise 
their  essential  identity  by  using  the  terms  micrographic  and 
cryptographic  for  the  various  types  of  intergrowth,  according  as 
they  can  or  cannot  be  clearly  resolved  by  the  microscope.  Graphic 
structures  visible  to  the  naked  eye  are  not  found. 

The  best  examples  of  typical  granitoid  structure  are  afibrded  by 
the  Beinn  an  Dubhaich  boss,  but  such  rocks  occur  also  in  many 
parts  of  the  Red  Hills  tract,  e.g,  in  Glen  Sligachan.  The  quartz 
has  tended  to  crystallise  rather  before  than  after  the  latest  felspar 
(orthoclase),  but  often  the  two  minerals  have  formed  almost 
simultaneously.  We  include  with  the  true  granites  those  rocks  in 
which  a  rude  micrographic  structure  is  locally  developed,  commonly 
of  an  irregular  kind  and  on  a  relatively  coarse  scale. 

As  typical  granophyres  we  include  those  rocks  in  which  the 
chief  bulk  consists  of  a  visibly  micrographic  intergrowth  of  febpar 
and  quartz  (micropegmatite).  These,  with  connecting  links 
between  them  and  the  true  granites,  predominate  over  a  very 
large  part  of  the  Red  Hills.  Distinct  crystals  of  felspar,  and 
sometimes  grains  of  quartz,  enclosed  in  the  micropegmatite  give 
the  rocks  an  aspect  which  may  be  described  as  porphyritic ;  but 
this  must  not  be  taken  to  imply  that  consolidation  has  been 
effected  in  two  distinct  stages  under  different  conditions :  the 
characters  to  be  described  militate  against  such  a  supposition. 

In  different  specimens,  and  in  different  parts  of  one  specimen, 
the  micropegmatite  differs  in  composition,  in  scale  of  magnitude 
and  degree  of  regularity,  in  manner  of  arrangement  and  relation 
to  phenocrysts,  etc.  The  component  minerals  are  usually  ortho- 
clase and  quartz :  less  commonly  oligoclase  takes  the  place  of  the 
former,  but  the  intergrowth  is  then  not  usually  of  a  very  delicate  or 
regular  kind  (PI.  XIX.,  Fig.  1,  A).  The  felspar  is  almost  everywhere 
in  greater  quantity  than  the  associated  quartz,  but  the  proportion 
between  them  evidently  varies,  even  in  different  parts  of  an  area 
with  common  orientation  throughout.  The  felspar  in  such  an 
area  is  continuous,  enclosing  very  numerous  detached  elements 
of  quartz,  which  behave  optically  as  parts  of  a  single  crystal. 
The  little  elements  of  quartz  are  in  the  less  minute  intergrowths 
of  rather  irregular  outline,  or  very  often  wedge-shaped,  so  as  to 
show  in  a  thin  slice  as  little  triangles  similarly  oriented.  With 
increasing  fineness  of  scale  the  intergrowth  approximates  more 
and  more  to  a  lamellar  structure,  giving  a  parallel-linear  arrange- 
ment in  sections. 

A  large  proportion  of  the  micropegmatite  is  disposed  in  relation 
to  the  felspar  phenocrysts,  forming  a  broad  border  round  each 
crystal.  The  intergrowth  constantly  tends,  in  the  neighbourhood 
h 


162  Petrography  of  Oranites  and  Qraiwphyres, 

of  a  crystal,  to  assume  a  linear  (probably  a  lamellar)  arrangement 
at  right  angles  to  the  faces  of  the  crystal.  It  follows  that,  when 
most  regularly  developed,  the  border,  as  seen  in  a  thin  slice, 
consists  of  four  portions,  corresponding  with  the  four  sides  of  the 
rectangular  section,  adjacent  portions  being  divided  by  a  diagonal 
suture,  as  in  a  picture-frame.  The  intergrowth  is  most  regular 
and  most  minute  in  contact  with  the  phenocryst,  while  outwards 
the  border  usually  passes  by  gradations  into  a  coarser  and  less 
regular  interstitial  niicropegmatite,  or  inosculates  with  contiguous 
borders  belonging  to  other  phenocrysts.  Such  borders  surround 
crystals  both  of  orthoclase  and  of  oligoclase.  In  the  former  case 
it  can  often  be  verified  that  the  felspar  of  the  micropegmatite  has 
the  same  orientation  as  the  phenocryst,  and  is  indeed  an  extension 
of  it.  This  is  probably  not  an  occasional  phenomenon  but  the 
general  rule,  though  it  is  often  obscured  by  the  turbidity  of  the 
felspar.  We  have  not  observed  a  similar  crystalline  continuity  in 
the  case  of  oligoclase,  and  indeed  the  delicate  intergrowth  border- 
ing the  phenocrysts  seems  to  be  in  general  an  orthoclase-micro- 
pegmatite.  Oligoclase  phenocrysts  framed  in  such  a  border  show 
a  very  narrow  external  shell  of  turbid  felspar,  which  seems  to  be 
orthoclase,  and  the  felspar  of  the  border  is  probably  continuous 
with  this.  Grains  of  quartz  are  sometimes  surrounded  by  a  zone 
of  very  irregular  micropegmatite,  the  quartz  of  which  is  oriented 
like  that  of  the  grain,  but  this  is  a  much  less  common  occurrence 
(Plate  XIX.,  Fig.  2). 

We  have  observed  nothing  which  afiFords  any  support  to  the 
view  that  these  later  outgrowths  from  phenocrysts  belong  to  a  time 
subsequent  to  the  consolidation  of  the  rock.*  On  the  contrary,  the 
phenomena  become  most  intelligible  on  the  supposition  of  no 
great  break  in  time  and  no  important  discontinuity  as  regards 
physical  conditions  between  the  phenocryst  stage  and  the  micro- 
pegmatite stage  of  consolidation.  It  is  possible  indeed  that  no 
change  of  conditions  is  implied  other  than  the  progressive  change 
in  the  composition  of  the  residual  magma  which  must  result  from 
the  abstraction  of  the  constituents  of  the  felspar  phenocrysts. 
We  may  conceive  that  the  growing  acidity  of  the  residual  fluid 
magma  reaches  a  certain  critical  point,  after  which  not  pure 
felspar-substance  but  a  minute  intergrowth  of  felspar  and  quartz 
is  deposited  upon  the  faces  of  the  crystals.  It  is  not  necessary  to 
suppose,  as  Mr  Teall  has  suggested ,t  that  micropegmatite  in 
general  is  of  the  nature  of  a  eutectic  mixture  of  felspar  and  quartz, 
which  would  require  that  the  two  constituents  should  always  occur 
in  certain  constant  proportions.  So  far  as  can  be  judged  by  eye, 
the  proportion  of  quartz  in  the  micropegmatite  of  our  rocks  seems 
to  be  smallest  in  that  part  of  the  border  contiguous  to  the 
phenocryst,  increasing  slightly  outwards  and  becoming  largest  in 
the  irregular  interstitial  areas.  It  is  these  latter  areas  which 
we  should  rather  expect  to  be  of  the  nature  of  a  eutectic  mixture. 

*Cy.  Judd,  Quart.  Joum,  Geol.  Soc.,  vol.  xlv.,  pp.  175-186 :  1889. 
-*•  British  Petrography,  pp.  401,  402  :  1888.     See  also  Anniversary  Address 
in  Qtuirt.  Joum.  Geol.  Soc.,  vol,  Ivii.,  pp.  Ixxv,  Ixxvi, 
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Since  the  felspar  phenocrysts  doubtless  acquired  and  maintained 
crystallographic  outlines  from  a  very  early  stage  of  their  growth,  a 
change  such  as  we  have  imagined,  from  the  deposition  of  felspar- 
substance  to  the  deposition  of  micropegmatite,  would  result  in  a 
sharply  bounded  felspar  crystal  fringed  by  a  micropegmatite 
border.  But  exceptionally  the  change  seems  to  have  come  on  in 
a  less  abrupt  manner,  for  we  sometimes  find  little  patches  of 
quartz  in  micrographic  intergrowth  in  the  interior  of  a  felspar 
phenocryst.  This  is  more  frequent  in  the  spherulitic  marginal 
modifications  of  the  rock  than  in  the  typical  micrographic  varieties. 
These  spherulitic  rocks  afford  evidence  also  on  another  point,  viz. 
that  the  phenocrysts  of  the  principal  minerals  were  formed  almost, 
if  not  quite,  wholly  after  the  intrusion  of  the  magma,  and  are 
therefore  not  comparable  with  the  phenocrysts  of  extruded  lavas. 
This  appears  from  the  fact  that  the  phenocrysts  become  smaller 
and  of  different  habit  towards  the  border  of  an  intrusion  which 
gives  evidence  of  rapid  chilling.  The  augite,  for  instance,  on 
Glas  Bheinn  Bheag  and  Druim  an  Eidhne  often  assumes  the  form  of 
small  rods  or  needles,  which  sometimes  share  the  radiate  arrange- 
ment of  the  spherulites.  This  seems  to  indicate  that  this  mineral 
crystallised  subsequently  to  the  intrusion  of  the  magma,  and  the 
same  must  be  true,  a  fortiori,  of  the  felspars  and  quartz.  It  is 
noteworthy  too  that  the  phenocrysts  in  our  granophyres  are 
never  broken. 

The  spherulitic  or  cryptographic  structure  is  not  found  in  the 
large  intrusive  masses  of  the  Red  Hills  except  along  certain  portions 
of  the  boundary,  and  in  a  few  places  along  what  appear  to  have 
been  the  margins  of  the  distinct  intrusions  of  which  the  large 
masses  are  made  up.  This  modification  is  identical  with  what  is 
the  normal  structure  of  many  of  the  minor  acid  intrusions  (dykes 
and  sheets)  in  Skye,  some  few  of  which  are  indeed  offshoots  from 
the  large  masses  under  consideration,  but  most  of  which  belong 
probably  to  a  later  epoch.  We  shall  postpone  the  description  of 
this  type  of  structure  until  we  come  to  consider  these  minor 
intrusions  (Chap.  XVI.). 

While  the  fine-textured  modifications  of  our  rocks  take  for  the 
most  part  the  granophyric  character,  this  is  not  everywhere  the 
case,  the  dominant  type  in  some  places  being  a  fine-grained  rock 
with  a  micrograniiic  structure,  usually  with  a  porphyritic  aspect  due 
to  the  occurrence  of  conspicuous  felspar  crystals  in  the  finer 
ground-mass.  This  is  found  in  places,  e.g.  on  some  parts  of 
Marsco,  forming  the  border  of  one  of  the  distinct  intrusions  of 
granite ;  and  in  such  a  case  bears  the  same  relation  to  the  typical 
granitoid  rock  as  the  spherulitic  and  allied  varieties  do  to  the 
coarse  granophyre.  But  there  are  also  areas  of  porphyritic  felsite 
contiguous  with  granite  but  probably  representing  separate  intru- 
sions, which  have  this  character  throughout.  Such  an  area  occurs 
on  the  border,  and  as  it  would  appear  at  the  base,  of  the  main  Red 
Hills  mass  at  Meall  a'  Mhaoil  and  Meall  Buidhe,  to  the  north  of 
Loch  Ainort.  Much  of  the  rock  has  a  dark  and  often  bluish  tint 
owing  to  secondary  changes,  to  which    these  felsitic  rocks  are 
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rather  prone.  A  specimen,  of  specific  gravity  2*66,  has  dull  white 
crystals  of  orthoclase  up  to  ^  inch  in  length.  A  slice  [9571]  shows 
in  addition  grains  of  augite,  often  of  partly  rounded  form,  and  a 
felsitic  ground-mass  of  ordinary  appearance  and  rather  fine  texture. 
Another  place  where  the  porphyritic  felsite  modification  may  be 
studied  is  on  Glamaig,  but  here  the  geology  is  complicated  by  other 
circumstances,  and  especially  by  the  remarkable  modification  of  the 
acid  rocks  in  some  parts  by  a  profusion  of  basic  xenoliths,  a 
phenomenon  which  belongs  to  the  next  chapter.  In  most  of  the 
rocks  of  porphyritic  habit  the  phenocrysts  are  of  felspar  only,  but 
there  are  some  with  quartz  in  addition.  A  specimen  from  the 
foot-path  on  the  N.W.  side  of  the  Moll  River,  and  south  of  Meall 
a'Mhaoil,  contains  abundant  crystals  both  of  quartz  and  of  ortho- 
clase, up  to  1^  inch  in  diameter.  The  ground-mass  is  of  the 
**  microfelsitic  "  type,  and  has  a  fluxion-structure  in  places  [8970]. 

A  very  noticeable  feature  of  the  acid  intrusive  rocks  of  Skye,  and 
indeed  of  the  British  Tertiary  province  generally,  is  the  dnuy  or 
miarolitic  structure.  This  is  very  widely  found,  but  is  especially 
characteristic  of  the  common  granophyres  with  micropegmatite,  as 
distinguished  from  the  granitoid  rocks  on  the  one  hand  and  the 
spherulitic  and  felsitic  modifications  on  the  other.  The  dimensions 
of  the  little  cavities  vary  from  an  inch  downward,  and  they  have 
highly  irregular  shapes  owing  to  the  crystals  of  the  rock  projecting 
into  them.  These  crystals  are  quartz  and  felspars,  occasionally  also 
hornblende,  and,  where  the  vacant  space  has  given  them  freedom  of 
growth,  they  present  perfect  crystal-facets.  We  have  not  found  in 
Skye  druses  so  large  as  some  of  those  in  the  gi-anites  of  Arran  and 
the  Moume  Mountains,  nor  have  we  discovered  in  our  druses  any  of 
the  peculiar  minerals  which  occur  in  those  districts.  It  is  well 
knowTi  that  beryl,  chrysoberyl,  fluor,  tourmaline,  topaz,  fayalite, 
etc.,  have  been  formed  in  the  druses  of  the  Moume  granite.*  Their 
absence  from  the  corresponding  rocks  in  Skye  may  be  ascribed  to 
the  want  of  certain  essential  conditions,  the  minerals  in  question 
being  of  species  usually  referred  to  the  cooperation  of  special 
"  mineralising  agents."  It  is  noteworthy  that  Dr  Pollard  found 
no  fluorine  in  the  rocks  analysed. 

Although  the  druses  are  a  conspicuous  feature  in  the  rocks  which 
contain  them,  they  make  up  in  reality  but  a  small  part  of  the  whole 
volume.  From  specific  gravity  determinations  of  rocks,  first  in 
bulk  and  then  in  powder,  it  seems  probable  that  the  cavities  do  not 
often  amount  to  so  much  as  one  two-hundredth  of  the  total  volume. 
In  some  cases  the  original  druses  have  been  reduced  in  size  by  the 
deposition  of  secondary  minerals  within  them,  usually  quartz  and 
epidote,  or  by  a  coating  of  ferric  oxide. 

The  foregoing  general  description  covers  almost  the  whole  of  the 
granites,  granophyres,  etc.,  of  the  Ked  Hills,  excluding  only  the 
spherulitic  and  other  fine-textured  margins  and  ofi'-shoots  to  be 
described  later.     The  special  local  variations,  in  composition  and 

*  Mr  Seymour  has  recently  added  cassiterite  to  the  list. 
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in  micro-structure,  which  remain  to  be  noticed  in  this  place  are 
few  and,  as  regards  their  distribution,  insignificant. 

As  compared  with  the  gabbros,  and  still  more  as  compared  with 
the  peridotites,  these  acid  rocks  have  a  remarkably  uniform  com- 
position.. In  the  absence  of  many  chemical  analyses,  this  is 
suflBciently  proved  by  the  mineral  constitution  of  the  rocks.  The 
most  interesting  of  what  may  be  regarded  as  aberrant  varieties  is 
the  riebeckite-gi'anophyre  of  Meall  Dearg,  already  described  by  Mr 
Teall.*  This  rock  consists  chiefly  of  felspar  and  quartz  in  typical 
micrographic  intergrowth,  in  which  the  crystals  of  the  other  con- 
stituent minerals  are  embedded.  The  crystals  of  felspar  have  in 
part  the  characters  of  "  anorthoclase "  [2667,  B].  In  addition  to 
the  riebeckite,  there  may  be  exceptionally  a  few  grains  of  augite 
[8856].     Iron-ore  is  rather  more  plentiful  than  is  usual  in  this 

froup  of  rocks,  and  seems  to  be  always  ilmenite,  in  idiomorphic 
akes  closely  associated  with  the  riebeckite.  Zircon  is  an  occa- 
sional accessory.  In  the  field  the  rock  appears  as  an  ordinary 
drusy  granophyre,  with  a  yellowish  brown  tint  due  to  ferruginous 
staining.  The  riebeckite  cannot  be  certainly  distinguished  from 
common  hornblende  on  a  hand-specimen,  except  by  the  irregular 
shape  of  the  crystals.  Two  specimens  of  the  rock  gave  specific 
gravities  2*512  and  2*492.  Making  some  allowance  on  account  of 
the  drusy  cavities,  it  is  still  evident  that  this  variety,  unusually 
rich  in  alkali-felspars,  is  notably  less  dense  than  the  ordinary 
granophyres. 

Another  rare  modification  arises  from  the  disappearance  of 
quartz  as  an  essential  constituent,  giving  a  rock  which  is  petro- 
graphically  a  syenite  according  to  the  modem  nomenclature.f 
Such  a  rock  is  exposed  in  isolated  knolls  below  Creagan  Dubha,  to 
the  north  of  Beinn  Dearg  Mhdr  (of  Strath),  a  locality  where  a 
considerable  amount  of  crushing  of  the  rocks  has  somewhat 
obscured  their  relations.  It  is  mottled  with  dull  greenish  patches 
and  veins,  and  was  in  fact  mistaken  at  first  for  a  volcanic 
agglomerate,  but  the  peculiarity  is  due  merely  to  brecciation.  A 
specimen  gave  the  specific  gravity  2*66,  which  is  rather  higher 
than  the  specific  gravities  of  the  granites.  A  thin  slice  [6843] 
shows  that  it  is  essentially  a  felspar-hornblende  rock.  The  felspar 
is  principally  orthoclase,  but  partly  a  finely  striated  oligoclase  with 
nearly  straight  extinction.  The  hornblende  is  for  the  most  part 
chloritised.  Quartz  is  scarcely  represented,  except  as  narrow 
irregular  veins  traversing  the  felspar,  and  these  seem  to  be 
secondary  and  connected  with  the  brecciation.  The  locality  of  this 
rock  woidd  permit  us  to  regard  it  as  a  marginal  modification  of  the 
granite,  but  its  mode  of  occurrence  is  not  displayed,  and  it  is  in 
any  case  quite  exceptional. 

*QuaH.  Joum.  (hot.  Soc.,  vol.  L,  p.  219  :  1894. 

t  MaccuUoch  and  other  early  writers,  in  applying  the  name  syenite  to  this 
group  of  rocks  as  a  whole,  used  it  in  its  original  sense  for  homblendic  granite 
(including  granophyre).  The  identification  of  hornblende,  before  the  intro- 
duction of  the  microscope  into  petrology,  was  necessarily  uncertain  in  the 
finer  textured  rocks. 
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Any  special  peculiarity  is  quite  as  rare  in  the  structural  and 
textural  as  in  the  mineralogical  and  chemical  characters  of  the 
rocks.  A  coarse  pegmatoid  structure  (usually  without  graphic 
intergrowth)  is  found  in  two  or  three  places  where  the  granite  is 
in  intimate  relation  with  earlier  basic  intrusions,  viz.  of  gabbro  on 
Marsco,  and  of  a  more  peculiar  rock  on  Srdn  a'  Bhealain,  near 
Sligachan.  The  phenomena  will  be  described  in  the  following 
chapter.  At  the  same  places  there  is  sometimes  a  rather  vague 
flow-structure  imparting  a  gneissie  appearance  to  the  rock.  A 
rude  gneissie  structure  of  a  different  nature,  due  to  crushing,  is 
seen  in  Allt  na  Teangaidh,  a  branch  of  AUt  Strollamus. 

In  some  places  the  large  bodies  of  granite  and  granophyre, 
whether  of  boss-like  or  of  laccolitic  habit,  are  traversed  by  pale 
fine-textured  aplitic  veins.  These  are  of  small  width,  often  less 
than  an  inch.  Though  sharply  cutting  the  normal  rock,  they  have 
not  the  magnitude  nor  the  straight  course  of  dykes,  and  are  not 
infrequently  found  ramifying.  We  may  probably  regard  them  as 
closely  related  to  the  granite  itself,  although  distinctly  later  than 
its  consolidation.  They  are  of  somewhat  more  acid  composition, 
at  least  in  respect  of  the  proportion  of  the  ferro-magnesian  minerals 
which  they  contain.  A  specimen  was  sliced  of  a  vein  traversing 
the  biotite-granite  of  Druim  na  Buaige  near  its  junction  with 
Beinn  Dearg  Mheadhonach.  This  has  the  specific  gravity  of  2-59. 
Under  the  microscope  it  is  seen  to  be  of  much  finer  grain  than  the 
granite  and  of  somewhat  different  micro-rstructure.  It  contains 
biotite,  but  in  less  amount  than  the  granite  which  it  intersects 
[8708].  A  good  place  for  studying  the  fine-textured  veins  in  the 
granite  is  the  eastern  part  of  the  Beinn  an  Dubhaich  mass.  Here 
they  sometimes  reach  a  width  of  3  or  4  inches,  and  narrower  veins 
are  abundant  in  places.  At  places  in  Coire  na  Laogh,  on  the 
north  side  of  Marsco,  where,  as  we  shall  see,  the  granite  is  crowded 
with  partially  digested  d6bris  of  gabbro,  aplitic  veins  traverse  the 
dark  modified  rock  as  well  as  the  normal  type,  and  have  the  same 
pale  appearance  in  both.  This  seems  enough  to  prove  that  the  veins 
are  not  merely  excretions  from  the  immediately  contiguous  granite, 
but  distinct  later  injections,  though  doubtless  from  the  same  source. 

The  dark  ovoid  patches,  representing  relatively  basic  secretions 
from  the  magma,  which  are  so  common  in  the  granites  and  grano- 
phyres  of  many  regions,  are  not  often  met  with  in  our  rocks,  and 
are  never  of  large  size.  One  place  where  they  may  be  studied  is  at 
Am  Puar-choire,  about  1^  mile  S.E.  of  Sligachan.  Here  they  are 
not  more  than  an  inch  or  two  in  diameter,  always  rounded  in  out- 
line, and  sharply  defined.  At  the  place  where  they  were  specially 
examined  the  rock  itself  is  a  biotite-granite  >vith  partial  grano- 
phyric  structure  and  of  moderately  coarse  grain.  The  dark  patches 
are  of  much  finer  texture,  and  they  have  also  a  different  structure, 
the  felspar  being  more  generally  idiomorphic  and  the  quartz 
enwrapping  it  in  micropoecilitic  fashion.  The  ferro-magnesian 
element  is  much  more  plentiful  than  in  the  normal  rock.  It  is 
completely  chloritised,  but  there  has  probably  been  some  horn- 
blende in  addition  to  the  biotite. 
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Such  dark  patches  are  to  be  distinguished  from  xenoliiks. 
These,  except  in  certain  places  where  they  occur  in  great  profusion 
and  with  remarkable  circumstances,  are  not  very  frequent.  The 
exceptional  occurrences  will  be  described  in  the  next  chapter. 
Since  the  granite  of  the  Red  Hills,  though  a  much  less  complex 
mass  than  the  gabbro  of  the  Cuillins,  undoubtedly  consists  of  a 
number  of  distinct  intrusions,  it  may  be  expected  that  the  later 
portions  have  sometimes  caught  up  xenoliths  of  the  earlier.  This  is 
occasionally  to  be  verified.  Possibly  it  escapes  notice  in  other 
instances  owing  to  the  similarity  between  the  enclosed  and  the 
enclosing  rock.  Such  examples  as  we  have  noticed  are  inclusions 
of  granite  or  relatively  coarse  granophyre  in  some  finer-textured 
type,  and  they  occur  at  no  great  distance  from  the  junction  of  two 
distinct  intrusive  bodies.  In  two  or  three  places  in  the  valley  of 
the  Kinloch  Ainort  river  (Abhuinn  Ceann  Loch  Ainort)  such 
xenoliths  are  abundant.     They  are  never  rounded  or  corroded. 

The  granites  of  Skye  have  not  in  general  been  invaded  by  later 
intrusive  magmas  of  any  considerable  volume,  and  accordingly  we 
do  not  find  in  them  (apart  from  granite  xenoliths  enclosed  in  dykes) 
any  indications  of  thermal  metamorphism.  Dynamic  metamorph- 
ism,  on  the  other  hand,  connected  with  subsequent  crust- 
movements,  has  in  numerous  places  left  its  impress  on  the  rocks  in 
cataclastic  phencymena  of  various  degrees  and  kinds.  The  granite 
is  probably  more  often  severely  crushed  than  the  gabbro,  and 
certainly  shows  the  results  more  frequently  in  the  field ;  though  the 
most  marked  effects  still  seem  to  be  restricted  chiefly  to  the 
vicinity  of  faulted  boundaries.  The  most  interesting  and  easily 
accessible  locality  is  the  shore  about  2^  miles  N.W.  of  Broadford. 
Here  much  of  the  rock  is  so  completely  brecciated  as  to  be  easily 
mistaken  at  first  for  a  volcanic  agglomerate.  The  resemblance  is 
sometimes  enhanced  by  a  partial  chloritisation  of  the  more  finely 
ground  material,  imparting  a  darkened  colour  against  which  the 
pale  larger  fragments  show  out  prominently.  The  true  nature  of 
the  rock  can  be  made  out  by  examining  places  where  the  process  of 
crushing  is  less  advanced.  It  is  often  seen,  as  is  shown  in  the 
lower  figure  of  the  accompanying  plate,  that  the  granite  tends  at  first 
to  break  into  lenticular  fragments  with  a  parallel  arrangement; 
but  the  more  completely  crushed  rock  has  no  schistose  structure 
(Plate  VII.). 

Besides  this  strip  of  coast-line  and  the  neighbouring  lower  slopes 
of  Creag  Strollamus,  there  are  other  places  where  crushed  granites 
simulate  rather  closely  the  volcanic  agglomerates.  The  eastern 
slope  of  Beinn  na  Caillich,  above  Coirechatachan,  is  one  such  place. 
In  AUt  na  Teangaidh,  a  branch  of  AUt  Strollamus  coming  down 
from  the  col  between  Beinn  na  Caillich  and  Beinn  Dearg  Mhdr,  the 
appearance  of  the  crushed  granite  is  rather  different,  a  certain  rude 
parallel  structure  imparting  to  it  something  of  a  gneissic  aspect,  aa 
already  remarked. 

Thin  slices  of  the  rocks  show  various  stages  of  the  cataclastic 
process.  In  the  earlier  stages  the  fragments  are  angular,  and  it  is 
still  possible  in  places  to  see  how  they  might  be  fitted  together 
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S6835,  6837].  With  the  progress  of  crushing,  and  perhaps  some 
egree  of  rolling,  there  is  a  rounding  of  the  fragments  and  an 
increase  in  the  amount  of  matrix  [[6840-6842].  The  quartz  shows 
strain-shadows  between  crossed  nicols  even  before  any  considerable 
brecciation  is  set  up,  and  in  the  earlier  stages  this  character  is 
constantly  well  marked  [6834,  68351:  in  the  more  thoroughly 
crushed  rocks  it  is  sometimes  less  evicfent.  We  have  not  observed 
in  the  granites  any  clear  evidence  of  secondary  twinning  in  the 
plagioclase  felspar,  such  as  we  have  noticed  in  the  gabbros.  This  is 
perhaps  explained  by  the  fact  that  the  oligoclase  of  the  granites  has 
naturally  a  closer  twin-lamellation  than  the  labradorite  of  the 
gabbros. 
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CHAPTER  XL 
Invasion  of  Basic  Rocks  by  the  Granite-Magma. 

In  a  comprehensive  study  of  the  varied  suite  of  intrusive 
igneous  rocks  in  Skye  no  feature  is  more  remarkable  than  the 
frequent  association  of  different  rock-t3rpe8  in  intimate  and 
peculiar  relations.  This  is  shown  in  two  ways,  which,  however, 
are  often  illustrated  by  the  same  occurrences,  and  are  obviously  so 
connected  that  any  general  consideration  of  the  subject  must  take 
account  of  both  together.  We  find  firstly  a  strong  tendency 
for  different  rock-types  to  be  closely  and  regularly  associated,  so 
as  to  constitute  what  is  in  effect  one  composite  rock-body ;  and 
secondly  the  frequent  inclusion  of  partially  digested  d6bri8 
(xenoliths)  of  one  igneous  rock  in  another.  Such  relations  are 
found  to  exist  in  many  instances  between  two  rocks  of  widely 
diverse  composition,  such  as  gabbro  and  granite  or  basalt  and 
granophyre,  and  there  are  also  some  curious  cases  in  which  more 
than  two  kinds  of  rock  are  involved.  The  phenomena  have 
sufficient  novelty  to  warrant  more  than  a  passing  notice,  and  they 
will  be  described  at  some  length  and  their  bearings  to  some 
extent  discussed.  It  appears  from  numerous  scattered  notices  in  the 
geological  literature  both  of  the  Inner  Hebrides  and  of  the  north- 
eastern counties  of  Ireland,  as  well  as  from  an  examination  of 
specimens  collected  by  the  late  Director-General  in  several  of  the 
islands,  that  the  peculiar  relations  in  question  are  in  some  degree 
characteristic  of  the  Tertiary  intrusions  of  the  British  province  as 
a  whole. 

The  probable  significance  of  the  phenomena  will  be  pointed  out 
as  they  are  described,  and  such  general  considerations  of  a 
theoretical  kind  as  are  admissible  in  this  memoir  will  be  properly 
deferred  to  a  later  stage ;  but  one  remark  may  be  made  at  the 
outset.  There  are  good  reasons,  as  will  appear  below,  for  believing 
that,  when  two  different  igneous  rocks  are  intimately  and  systema- 
tically associated,  whether  as  members  of  a  composite  intrusive 
body  or  as  xenoliths  and  enclosing  matrix,  they  are  also  closely 
related  as  regards  source  and  origin;  and  further  that,  when 
such  peculiarly  intimate  relations  subsist  between  two  igneous 
rocks  of  definitely  intrusive  habit,  these  have  been  separated  by 
no  great  interval  as  regards  the  epochs  of  their,  intrusion. 
Petrographical  phenomena  to  be  described  below  can  scarcely  be 
explained  except  on  the  supposition  that  the  first  rock  was  still 
hot,  and  even  in  some  cases  its  consolidation  was  not  yet 
perfectly    completed,    when   the  second  rock   was   intruded  in 
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juxtaposition  with  it.  An  essential  distinction  is  thus  to  be 
drawn  between  the  systematic  and  regular  association  of  different 
rocks  to  form  composite  stocks,  laccolites,  sheets,  or  dykes  and 
the  merely  fortuitous  conjunctions,  which  also  occur  but  are  not 
usually  attended  by  peculiarities  of  a  petrographical  kind. 
Equally  must  we  recognise  an  essential  distinction  between  the 
regular  and  abundant  inclusions  of  one  igneous  rock,  A,  in 
another,  B,  repeated  again  and  again  through  the  country  with 
the  same  remarkable  circumstances,  and  the  merely  accidental 
inclusion  of  foreign  rock-fragments  (igneous  or  otherwise)  which 
occur  locally  in  these  as  in  many  other  intrusive  rocks. 

In  the  large  plutonic  intrusions,  which  will  be  first  noticed,  the 
close  association  of  basic  and  acid  rocks  does  not  assume  the 
same  regularity  and  symmetry  as  in  the  composite  sills  and  dykes 
to  be  described  in  the  next  chapter.  In  several  places,  however, 
and  especially  on  Marsco,  gabbro  and  granite  (including  grano- 
phyre)  are  found  \vith  very  remarkable  mutual  relations,  the 
significance  of  which  cannot  be  overlooked.  Taking  a  broader 
view,  the  mere  juxtaposition  of  the  two  rocks,  recurring  at  a 
number  of  distinct  centres,  can  scarcely  be  a  coincidence  without 
meaning.  The  great  gabbro  laccolite  of  the  Cuillins  has  a  great 
granite  laccolite  intruded  beneath  and  partly  into  it;  and  the 
gabbro  boss  of  Broadford  has  a  granite  boss  intruded  beside  and 
partly  through  it.  In  the  Carlingford  district,  in  Arran,  in  Mull, 
in  Ardnamurchan,  in  Rum,  and  so  far  away  as  in  St.  Kilda, 
occur  other  considerable  masses  of  Tertiary  gabbro,  and  in  each 
of  these  places  that  rock  has  granite  (including  granophyre)  for 
its  intimate  associate.  Further,  according  to  Sir  Archibald 
Geikie,  the  sequence  in  time  of  the  two  rocks  is  everywhere  the 
same,  and  the  acid  intrusion  often  intersects  the  basic  one.  The 
mutual  relations  of  the  two  rocks  have  been  described  in  the  case 
of  Carlingford  by  Professor  Sollas,*  whose  account  affords 
interesting  material  for  comparison  with  some  of  the  facts 
recorded  below.  Another  district  available  for  comparison,  as 
regards  the  mutual  relations  of  gabbro  and  granophyre,  is  Carrock 
Fell  in  Cumberland, t  where,  in  default  of  direct  geological 
evidence,  the  possible  Tertiary  age  of  the  rocks  is  suggested  by 
petrographical  analogies. 

We  have  first  to  describe  some  interesting  phenomena  which 
demonstrate  that  in  certain  places  the  gabbro  has  been  partially 
fused  in  the  vicinity  of  the  invading  granite  magma,  and  to  trace 
the  effects  which  have  resulted  from  reactions  between  the  two 
rocks  under  these  conditions. 

Effects  of  this  kind  are  to  be  observed  on  a  small  scale  on  the 
eastern  and  north-eastern  borders  of  the  eastern  Red  Hills,  where 

*Tram.  Roy.  Ir.  Acad.,  vol.  xxx.,  pp.  477-512,  PL  XXVI.,  XXVIL  : 
1894.  See  also  Prof.  Busz  on  an  occurrence  in  Ardnamurchan,  Geol.  Mag.y 
1900,  pp.  436-441. 

t  Barker,  Quart.  Journ.  Geol.  Soc,  vol.  l,  pp.  311-336,  PI.  XVI.,  XVII.  : 
1894 ;  voL  li.,  pp.  126-147,  PI.  IV.  :  1895. 
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we  have  already  noticed  a  permeation  of  the  basic  rock  by  the 
acid.  Microscopic  examination  shows  clearly  that  this  permeation 
has  been  attended,  and  doubtless  facilitated,  by  a  local  and  partial 
refusion  of  the  gahhro.  With  the  fused  basic  material  has  been 
mingled  a  small  proportion  of  the  acid  magma,  and  the  result  has 
been,  after  consolidation,  a  rock  of  somewhat  less  basic  composi- 
tion than  the  normal  gabbro,  and  differing  from  it  in  mineral- 
ogical  constitution.  Two  specimens  will  suffice  to  illustrate  this 
reaction.  The  first  is  from  Creag  Strollamus,  and  forms  part  of 
the  gabbro  close  to  the  granite,  which  sends  veins  into  it.  It  is 
a  rather  dark  rock  of  fairly  coarse  texture,  with  some  tendency  to 
a  separation  in  patches  of  the  darker  and  lighter  elements.  A 
thin  slice  [8048]  shows  it  to  consist  chiefly  of  green  hornblende 
and  felspar,  with  some  brown  mica,  relics  of  augite,  and  a  little 
magnetite  in  irregular  grains.  The  hornblende  is  often  fibrous, 
and  both  it  and  the  mica  are  to  be  regarded  as  formed  at  the 
expense  of  augite,  though  not  merely  as  pseudomorphs.  The 
felspar  is  partly  labradorite,  with  albite  and  carlsbad  twinning, 
partly  a  variety  giving  low  extinction-angles,  probably  andesine- 
oligoclase.  The  latter  is  in  clear  crystals,  often  untwinned,  closely 
associated  with  fibrous  hornblende  or  actinolite,  and  sometimes 
enclosing  the  same  as  a  multitude  of  fine  needles.  The  other 
specimen  is  a  rock  of  rather  finer  texture  from  the  slope  east  of 
Allt  a'  Choire,  near  Coirechatachan,  and  was  cut  to  show  fine  veins 
of  granite  traversing  the  gabbro  [8047].  The  latter  has  been 
converted  into  an  aggregate  of  green  hornblende  and  felspar  with 
little  imperfect  octahedra  and  granules  of  magnetite.  Some  of 
the  felspar  is  labradorite,  but  most  of  it  gives  very  low  extinction- 
angles,  and  seems  to  be  oligoclase.  The  granite-veins,  of  coarser 
texture  than  the  modified  gabbro,  are  not  very  sharply  divided 
from  it  under  the  microscope.  They  consist  of  turbid  felspar, 
both  orthoclase  and  oligoclase,  and  quartz,  with  green  hornblende 
and  a  little  magnetite.  The  hornblende  is  perhaps  a  little  more 
abundant  than  is  usual  in  the  granites,  but  not  very  noticeably  so. 
It  seems  beyond  doubt  that  at  junctions  like  these  the  gabbro 
has  been  in  some  measure  enriched  in  silica  and  alkalies  derived 
from  the  acid  magma.  This  was  apparently  effected  in  the  main 
by  the  fusion  or  solution  of  part  of  the  labradorite  by  the  acid 
magma  and  crystallisation  therefrom  of  a  more  acid  variety  of 
plagioclase.  In  some  cases  part  of  the  augitic  constituent  of  the 
gabbro  seems  also  to  have  passed  into  solution  in  the  acid  magma, 
giving  rise  on  recrystallisation  to  hornblende  or  (in  consequence  of 
the  accession  of  alkali)  to  biotite.  Concurrently  with  the  acidifica- 
tion of  the  gabbro  there  has  been  in  some  cases  an  evident 
modification  of  the  acid  rock  in  the  opposite  sense.  Two  examples 
of  granophyre  veins  traversing  and  altering  the  gabbro  give 
specific  gravities  2  68  and  271,  and  are  obviously  of  more  basic 
nature  than  the  main  mass  from  which  they  are  offshoots.  This 
reciprocal  modification  of  the  granite  or  granophyre  is,  however, 
not  always  apparent,  as  we  have  seen  in  the  case  just  described. 
If  the  reaction  was  quite  local,  the  small  amount  of  basic  material 


172  KUchrist  Oranophyre  with  Oahbro  XenoUths, 

taken  up  from  the  gabbro  might  be  distributed  by  diffusion  through 
a  considerable  volume  of  the  acid  magma.  It  is  important  to 
remark  that  in  places  where  acid  veins  injected  into  the  gabbro 
assume  a  fine  texture,  as  if  in  consequence  of  rapid  cooling,  no 
perceptible  effects  of  the  kind  in  question  are  found.  These 
reactions  seem  to  have  been  dependent  upon  the  injection  of  the 
acid  magma  into  a  mass  of  gabbro  which  was  still  hot. 

Phenomena  of  the  kind  described,  evincing  reactions  between 
granite  and  gabbro,  are  to  be  observed  in  many  places  along  the 
outer  borders  of  the  large  acid  intrusions,  where  these  are  in  contact 
with  the  earlier  intrusions  of  gabbro.  At  these,  which  we  may 
term  external,  junctions  of  the  two  rocks  the  effects  are  not  on  an 
extended  scale  or  of  a  conspicuous  kind.  Reactions  of  a  like  kind, 
but  of  a  more  far-reaching  scope  and  productive  of  much  more 
striking  peculiarities,  have  operated  in  certain  localities  at  what 
may  be  distinguished  as  internal  junctions  ;  i.e.  where  portions  of 
gabbro  have  been  involved  in  the  heart  of  a  granite  mass.  The 
most  remarkable  relations  are  observed  where  continuous  bodies  of 
the  earlier  basic  rock  have  thus  been  enveloped  by  the  later  acid 
magma  ;  but  we  shall  first  describe  the  effects  of  the  inclusion  in 
the  acid  magma  of  a  large  amount  of  gabbro  xenoliths. 

The  rocks  which  illustrate  this  type  of  intermixture  most 
strikingly  are  the  xenoliihic  granophyres  of  Kilchristy  in  the  broad 
strath  leading  up  from  Broadford  towards  Torran.  These  are 
crowded  throughout  with  partially  digested  gabbro  xenoliths.  The 
mode  of  occurrence  and  probable  geological  relations  of  these  rocks 
have  already  been  discussed  (see  Pig.  4,  above).  They  are  in  contact 
partly  with  the  Cambrian  limestones,  chiefly  with  the  agglomerate 
of  the  great  volcanic  vent :  nevertheless,  they  contain  no  xenoliths 
of  limestone ;  and  fragments  of  metamorphosed  basalt  and  grit 
which  may  be  referred  to  the  volcanic  agglomerate  are  found  only 
pparingly,  chiefly  in  the  fine-textured  felsitic  rock  which  in  places 
forms  the  margin  of  the  mass.  The  relics  of  gabbro,  which  are 
distributed  in  such  profusion  through  the  granophyre,  are  derived 
therefore  from  some  unseen  source.  It  is  not  impossible  that  a 
gabbro  sheet  underlies  the  granophyre,  and  has  been  disrupted  by 
it ;  but  this  is  entirely  hypothetical,  and  there  is  nothing  in  the 
appearance  of  the  gabbro  d6bris  to  suggest  their  origin  by  the 
shattering  of  a  solid  sheet  of  rock.  For  reasons  which  will  be  dis- 
cussed in  connection  with  other  xenolithic  rocks  in  the  district,  we 
incline  to  the  opinion  that  this  gabbro  has  come  directly  from  some 
primitive  reservoir  rather  than  from  any  intruded  rock-body. 

A  description,  illustrated  by  microscopical  figures,  of  these  rocks 
has  already  been  published,  and  the  following  account  is  taken 
partly  from  that  source.* 

Compared  with  what  may  be  called  the  normal  granophyres  of 
the  neighbouring  Red  Hills,  these  rocks  are  darker  and  manifestly 
richer  in  the  iron-bearing  minerals.  Examination  shows,  too,  that 
they  are  decidedly  denser :  ten  specimens  gave  specific  gravities 

♦Harker,  Quart.  Journ.  Gtol  Soc,  vol.  lii.,  pp.  320-328,  PL  XIIL,  XIV.  : 
1896. 
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ranging  from  2*56  to  273,  with  a  mean  of  2*66,  while  twenty 
specimens  of  the  normal  granophyres  of  the  district  gave  from  251 
to  266,  with  a  mean  of  2*58.  Closer  inspection  often  reveals  a 
mottled  appearance,  due  to  the  dark  minerals  tending  to  cluster  in 
vaguely  defined  patches,  and  in  places  these  patches  become  more 
distinct  and  are  seen  to  represent  enclosed  fragments  of  some  basic 
rock.  In  other  respects — for  example,  in  the  prevalence  of  the 
micrographic  structure,  in  the  drusy  character  of  the  more  coarse- 
textured  type,  etc. — ^these  rocks  show  a  close  correspondence  with 
the  normal  granophyres  of  the  district.  It  cannot,  of  course,  be 
asserted  that  they  agree  precisely  with  the  latter  as  regards  the 
composition  of  the  original  magma,  but  it  will  be  shown  that  the 
difierences  which  now  exist  are  cei-tainly  due,  at  least  in  the  main, 
to  the  taking  up  and  partial  dissolution  of  gabbro  material. 

The  xenoliths  are,  as  a  rule,  less  than  an  inch  in  diameter,  though 
exceptionally  larger.  In  a  hand-specimen  they  are  visible  as  dark 
blotches,  often  closely  clustered  together,  with  vague  shadowy  out- 
lines which  sufficiently  indicate  that  the  enclosed  debris  has 
suffered  deeply  from  the  caustic  action  of  the  magma.  This  becomes 
more  evident  in  thin  slices,  where  obvious  xenoliths  are  not  often 
recognisable  as  such,  though  unmistakably  foreign  material  is 
universally  distributed.  Some  constituents  of  the  gabbro  have 
sufiered  more  or  less  complete  fusion  or  solution  in  the  acid  magma ; 
while  other  constituents,  which  resisted  such  action,  have  been  set 
free,  and  now  figure  as  xenocrysts,  either  intact  or  more  or  less 
perfectly  transformed  into  other  substances.  At  the  same  time  the 
material  absorbed  has  modified  the  composition  of  the  magma,  in 
the  general  sense  of  rendering  it  less  acid,  and  this  is  of  course 
expressed  in  the  products  of  the  final  consolidation  of  the  grano- 
phyre.  In  order  to  present  in  systematic  form  the  observations 
made,  it  will  be  convenient  to  begin  by  enquiring  what  has 
befallen  each  of  the  chief  constituents  of  the  gabbro. 

In  these  Kilchrist  rocks,  as  in  the  similar  ones  to  be  described  on 
Marsco,  apatite  needles  are  constantly  present  and  rather  abundant, 
though,  as  usual  with  this  mineral,  somewhat  capriciously  distri- 
buted. Doubtless  any  apatite  contained  in  the  gabbro  would 
survive  as  such  in  the  modified  granophyre,  but  we  know  that  the 
Skye  gabbros  are  usually  deficient  or  very  poor  in  this  mineral. 
It  does  not  seem  possible  to  distinguish  apatite  needles  derived 
from  the  gabbro  from  those  proper  to  the  granophyre  itself 

It  is  the  augite  that  aftbrds  the  most  conclusive  proof  of  the 
extraneous  origin  of  the  xenocrysts,  and  this  is  due  to  the  charac- 
teristic basal  striation  of  the  gabbro-augite,  a  feature  not  found  in 
the  augite  of  the  normal  granophyres.  In  the  recognisable  enclosed 
fragments  of  gabbro  [6704]  the  augite  shows  no  change  except  a 
conversion  to  broT^nish-green,  rather  fibrous  hornblende  at  the  edge 
of  the  crystal,  a  transformation  very  common  in  the  ordinary  gabbros 
of  the  district.  In  the  isolated  xenocrysts  the  conversion  to  horn- 
blende is  usually  far  advanced,  and  in  these  rocks  in  general  this 
mineral  predominates  over  augite.  It  is  yellowish  to  brownish- 
green  or  sometimes  greenish-brown  in  colour,  and  of  compact  (as 
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ooDtntted  with  fibtous)  strndDre.  Very  often  there  is  a  core  of 
nnchanged  mngite  whh  the  basal  gtriation  that  indicates  its  deriva- 
tion from  gabbro,  and  the  traces  of  this  strncture  are  sometimes 
seen  even  when  the  oonrersion  to  hornblende  has  been  complete. 
Failing  this  evidence,  the  derivation  of  the  hornblende  can  often 
be  inferred  from  the  irregular  shape  of  its  crvstals,  or  from  its 
enclosing  abundant  shapeless  grains  c^  magnetite.  On  the  other 
handy  there  is  usually  H>me  hornblende  presenting  the  crystal  out- 
lines proper  to  that  mineral,  and  this  must  certainly  have  crystal- 
lised out  firom  the  modified  granophjrreHnagma.  In  some  slides  it 
is  very  plentiful.  It  does  not  differ  materially  in  colour  and 
pleochroism  firom  the  pseudomorphic  hornblende.  It  may  be 
remarked  that,  when  the  latter  encloses  a  core  of  unchanged  augite, 
the  two  minerals  have  the  usual  crystallographic  relation,  the 
b  and  c  axes  being  common  to  both :  in  a  clinopinacoidal  section 
the  extinction-angle  of  the  augite  is  39°,  and  of  the  hornblende 
IS^,  on  the  same  side  of  the  vertical  [2674].  In  addition  to  the 
au£rite  plainly  derived  firom  gabbro,  several  of  the  slides  contain 
rather  rounded  grains  of  augite  showing  neither  basal  striation  nor 
partial  conversion  to  hornblende.  These  are  to  be  regarded  as 
crystallised  directly  from  the  granophyre  magma.  Two  slides 
[2674,  6703]  contain  altered  xenocrysts  of  rhombic  pyroxene,  a 
mineral  which  we  have  noted  as  an  occasional  constituent  of  the 
gabbrc>6  of  the  district.  There  is  a  partial  conversion  to  horn- 
blende at  the  margin,  while  the  interior  is  usually  serpentinised. 

Occasionally  piseudomorphs  after  olivine,  appareirtly  of  "  pilitic  " 
amphibole.  are  seen  enclosed  in  the  relics  of  striated  augite  [6704], 
or  is^^lated  in  the  cranophyre-matrix  [6703]. 

Mairtietite-irT;iiins  of  irregular  shape  are  embedded  in  many  of 
the  auv;ite-xouv.vry>tii  ancT  the  homblende-pseudomorphs  after 
them.  sMui  tho;?<»  vio  not  differ  from  the  grains  in  the  original 
irabbrw  Mvv?t  of  the  .^buiuiant  magnetite  in  the  slices  is,  however, 
of  a  diffort^nt  kiuvi.  buildinir  perfect  or  imperfect  octahedra.  Though 
^virtly  n^prt^^enting  in  substance  iron-ore  absorbed  from  gabbro- 
vlobris.  it  is  evident iv  a  new  crystallisation  from  the  modified 
ijranophvrtMiiairnia. 

Uistiuot  xeu^xTVsts  of  gabbro-felspar  are  rare  in  the  specimens 
sliiHHl.  but  they  are  oix\isionally  found,  especially  in  the  neigh- 
KnirhoiHl  of  kotual  gabbro-xenoliths.  One  suitably  oriented 
ervstal  jTi^ve  extinction-angles  35^  and  36°  in  alternate  lamellae, 
an\l  is  pivsuniably  labradorite  like  the  common  felspar  in  the 
ijjibbn^s  of  the  district.  It  has  a  marginal  intergrowth  of  a  more 
iioid  tV^lspju*.  and.  like  the  felspar-phenocrysts  in  all  these 
irranophyivs.  has  serYtnl  as  nucleus  for  a  growth  of  micropegmatite 
[t>70l.|.  *  It  is  clear  that  most  of  the  felspar  of  the  enclosed 
ijabbri>- fragments  has  been  completely  absorbed  by  the  envelop- 
ing magma.  The  result  is  seen  in  a  great  preponderance  of  soda- 
lime-  over  potash-  felspar  in  the  rock  as  finally  consolidated, 
compared  with  the  normal  granophyres  of  the  district.  This 
dominant  fel«par  seems,  however,  to  be  chiefly  oligoclase,  with 
cpiitt*  low  extinction-angles. 
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Apart  from  the  peculiarities  described,  the  rocks  here  dealt 
with  present  a  general  similarity  to  the  normal  granophyres. 
There  are,  however,  one  or  two  special  points  worth  noting. 
Several  writers,  in  describing  the  phenomena  of  xenoliths  of  acid 
rocks  in  basalts  and  diabases,  have  remarked  a  tendency  to  the 
formation  of  hollow  spaces,  usually  filled  by  later  products. 
Indications  of  the  same  tendency  are  not  wanting  in  the  present 
converse  case,  though  the  circumstances  are  different.  In  one 
example  are  seen  ring-like  aggregates,  about  -^  inch  in  diameter, 
of  hornblende  crystals,  surrounding  areas  of  clear  quartz  [67051. 
Quartz  is  frequently  seen  moulded  upon  hornblende-crystals,  and, 
in  several  slides,  penetrated  by  actinolitic  needles.  Such  patches 
of  quartz  are  quite  different  from  the  quasi-porphyritic  grains 
common  in  the  granophyres,  and  they  seem  to  be  of  late  formation 
— not  necessarily  secondary  in  the  usual  sense.  They  probably 
occupy  what  have  once  been  vacant  spaces  formed  in  connection 
with  the  destruction  of  xenoliths,  and  are  quite  distinct  from 
ordinary  druses.  The  latter  are  also  found  here  just  as  in  the 
normal  granophyres,  and  are  commonly  filled  by  calcite  and  quartz 
[6707].  In  places  it  can  be  seen  that  the  calcite-crystals  project 
mto  the  quartz,  which  again  indicates  that  some  of  the  latter 
mineral  belongs  to  a  very  late  stage  in  the  history  of  the  rock. 

In  addition  to  the  relics  of  gabbro  in  these  granophyres  there 
are  occasional  traces  of  inclusions  of  other  rocks.  In  particular 
there  are  granular  aggregates  consisting  largely  of  hornblende  and 
magnetite  and  presenting  angular  outlines  to  the  surrounding 
matrix  [6709].  These,  no  doubt,  represent  small  fragments  of 
basalt  in  an  advanced  stage  of  dissolution,  and  are  merely 
accidental  xenoliths  picked  up  from  the  volcanic  agglomerate. 
They  are  of  the  same  nature  as  the  fragments  enclosed  in  the 
felsitic  rock  already  mentioned  as  forming  the  marginal  part  of 
the  acid  intrusion  in  certain  places.  These  latter  are  much  less 
altered  from  their  original  state,  and  often  preserve  sub-angular 
outlines. 

We  pass  on  to  consider  the  more  remarkable  phenomena  dis- 
played on  Marsco  and  about  Glamaig,  where  the  basic  rocks  involved 
in  the  acid  intrusions  are  not  merely  detached  small  xenoliths 
from  some  subterranean  source  but  large  bodies  of  dyke-like  and 
sheet-like  form.  Here  the  relations  are  of  a  very  peculiar  kind, 
being  complicated  by  the  intervention  of  a  third  rock  in  addition 
to  the  gabbro  and  the  granophyre.  Since  this  is  unlike  any  type 
included  in  systematic  classifications  and  nomenclatures,  we 
shall  for  convenience  refer  to  it  under  the  provisional  name 
'*  marscoite"  This  is  done  merely  to  avoid  repeated  periphrases, 
and  it  is  not  intended  to  establish  a  new  rock-type :  the  rock 
indeed  is  c;ertainly  a  hybrid  one,  and  therefore  not  entitled  to 
systematic  rank  or  formal  designation.  In  this  place  it  is  suflBcient 
to  state  that  it  is  a  conspicuously  porphyritic  rock,  with  large 
crystals  of  labradorite,  and,  though  of  generally  basic  composition, 
contains  quartz,    usually   in  visible  grains.     On  Marsco  gabbro, 
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eomething  of  a  pophyritic  aspect  hy  the  occurrence  of  prominent 
glasBy-looking  crystals  of  labradorite.  Theee  become  more  con- 
spicuona,  while  the  rock  otherwise  becomes  progeasively  finer  in 
grain.  There  is  thus  a  general  resemblance  in  appearance  to  the 
marscoite  of  other  parte  of  the  hill ;  but  the  quartz-grains  are  so 
far  wanting,  and  even  at  F,  where  the  porphyritic  structure  is  well 
pronounced,  the  rock  ia  thoroughly  basic  in  composition,  its  specific 
gravity  here  being  2'98.  Before  reaching  G,  however,  quartz- 
grains  have  appeared  in  considerable  abundance,  and  the  specific 
gravity  has  fallen  to  286.  The  rock  which  forms  what  must  be 
regarded  as  the  border  of  the  basic  strip  is  a  characteristic  marscoite. 
Between  this  and  the  porphyritic  felaite  at  H  no  sharp  boundary 
can  be  drawn.  There  is  an  intermediate  zone,  a  few  feet  in  width, 
of  a  hybrid  rock  resulting  from  the  intermixture  of  the  marscoite 


Fig.  35. — Section  acroBS  the  deep  gully  on  the  N  W  slope  of  Marsco 
Eiplanation  m  the  text  S.  ib  granite  of  pegnmtoid  and  gneiaaic 
structure  veining  the  gabbro  as  exposed  in  the  bed  of  the  stream  a 
little  lower  down.  Ita  connection  with  the  granite  to  the  south  is  only 
conjectural. 

and  the  felsite.  The  rock  of  this  zone  is  of  grey  colour,  with  a 
rather  fine-grained  ground  encloaing  porphyritic  felspara  and 
quartz-grains.  Its  heterogeneous  origin  ia  manifest  to  the  eye  in  a 
curiously  patchy  appearance,  darker  and  lighter  portions  being  in 
some  places  rather  sharply  separated  and  in  other  places  shading 
into  one  another.  The  darker  and  ligher  patches,  which  may  be 
well  displayed  in  a  hand-specimen,  represent  the  marscoite  and  the 
felsite  respectively ;  but,  even  where  they  are  moat  distinct,  it  ia 
certain  that  the  one  has  been  partly  acidified  and  the  other  partly 
baaified.  Admixture  haa  thus  taken  place  both  by  bodily  intei^ 
mingling  and  by  difliision,  and  it  can  scarcely  be  doubted  that  the 
two  rocks  represented  were  in  a  partially  fluid  state  at  the  same 
time.    The  relatione  between  the  marscoite  and  the  felsite  on  the 


178  Relations  of  Oahbro  and  Oranite  on  Warsco, 

north  side  of  the  gully  thus  differ  in  some  respects  from  those 
between  the  gabbro  and  the  granite  on  the  south  side. 

Following  the  strip  of  basic  rock  eastward  from  the  head  of  the 
gully,  we  find  that  the  marscoite  on  the  northern  border  is  not  to 
be  traced  continuously.  After  disappearing,  however,  it  reappears 
near  the  eastern  end  of  the  strip,  being  here  at  some  little  distance 
from  the  edge  of  the  gabbro  and  wholly  enveloped  in  the  acid  rock, 
as  shown  in  the  sketch-map  (Fig.  36).  This  is  enough  to  show, 
what  is  elsewhere  sufficiently  evident,  that  the  marscoite  is  not 
merely  a  modification  in  situ  of  the  gabbro,  but  represents  a  distinct 
act  of  intrusion.  We  shall  see  that  this  rock  is  everywhere 
younger  than  the  gabbro,  but  older  than  the  acid  rocks.  The  only 
place  where  it  has  been  observed  clearly  to  graduate  into  the 
gabbro  is  in  the  gully  already  described,  and  there  we  must  suppose 
that  the  marscoite  was  intruded  along  the  edge  of  the  gabbro  while 
that  rock  was  still  in  a  fluid  condition.  In  other  places  the  two 
have  been  divided  by  a  more  decided,  though  probably  only  a 
short,  interval.  In  the  eastern  portion  of  the  gabbro  strip  the 
relations  of  this  rock  to  the  granite  are  well  seen.  The  acid  rock 
sends  numerous  veins  into  the  gabbro,  as  well  as  impregnating  it 
on  a  minute  scale.  Moreover  the  rock  bordering  the  gabbro  on  its 
south  side  is  for  some  distance  rich  in  xenoliths  and  xenocrysts 
derived  from  the  gabbro  and  in  process  of  dissolution.  It  is  here 
rather  a  granophyre  than  a  granite,  but  evidently  richer  than  is 
normal  in  the  ferro-magnesian  elements. 

A  little  farther  south  is  another  but  smaller  strip  of  basic  rock, 
running  S.S.E.  along  the  west  side  of  Coire  nan  Laogh.  Its 
eastern  side  is  a  dyke-like  strip  of  marscoite,  up  to  50  feet  in 
width ;  and  in  contact  with  this  on  its  west  side  is  gabbro, 
which,  however,  is  of  irregular  width,  and  does  not  extend  to  the 
northern  extremity  of  the  strip.  This  illustrates  a  point  which  is 
elsewhere  noticeable  on  Marsco,  viz.  that,  except  in  the  gully  first 
noticed,  the  gabbro  has  been  more  readily  attacked  by  the  acid 
magma  than  the  marscoite ;  so  that,  where  the  latter  rock  inter- 
venes, it  has  to  some  extent  protected  the  former.  Another  small 
enclosed  strip  of  basic  rock  occurs  further  west,  near  the  precipice 
named  Fiaclan  Dearg.  This  is  for  the  most  part  of  gabbro,  much 
modified  by  the  acid  magma  and  having  in  places  a  rather  ill- 
defined  boundary.  Northward,  however,  a  dyke-like  strip  of 
marscoite  comes  on  on  the  western  or  lower  side  of  the  gabbro,  and 
continues  beyond  it,  as  shown  in  the  sketch-map  (Fig.  36).  The 
boundary  of  the  marscoite  is  sharply  marked,  and  without  close 
examination  it  might  pass  for  a  dyke  cutting  the  granite. 

The  largest  of  the  enclosed  strips  of  gabbro  is  that  which  takes 
a  curved  course,  more  than  IjJ  mile  in  length,  to  the  east  of  the 
summit,  and  may  be  traced  as  far  as  the  burn  in  Coire  na  Seilg. 
Here  again  the  acid  rocks  to  the  north  and  south  are  different, 
the  one  being  fine-textured  and  porphyritic,  the  other  coarse 
and  granophyric  to  granitoid  in  structure.  This  seems  to 
indicate  that  the  basic  rock  has  not  been  enveloped  by  a  single 
acid  intrusion  but  caught  between  two  distinct  intrusions.     The 
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northern  part  of  the  strip  is  irregularly  expanded,  and  terminates 
northward  at  a  bum  which  runs  down  to  Allt  Mam  a'  Phobuill,  the 
gabbro  being  bordered  here  by  a  dyke-like  strip  of  marscoite. 
Following  the  strip  of  gabbro  where  it  turns  south-eastward,  we 
find  marscoite  again  on  the  south-western  border ;  but  this  dies 
out  after  about  300  yards,  leaving  the  gabbro  in  contact  with  the 
drusy  coarse  granophyre,  which  assumes  a  dark  colour  near  the 
junction.  This  relation  continues  eastward,  as  the  gabbro  strip, 
with  a  width  usually  of  30  or  40  yards,  runs  up  to  Druim  Eadar  da 
Choire  and  over  to  Coire  na  Seilg.  Throughout  this  stretch  the 
coarse  granophyre  to  the  south  is  manifestly  modified  by  basic 
material  taken  up  from  the  gabbro,  but  the  porphyritic  felsite  to 
the  north  shows  little  sign  of  such  modification.  The  rock  which, 
for  the  purpose  of  describing  the  field-relations,  we  are  calling 
gabbro,  is  in  this  part  very  difierent  from  a  normal  gabbro,  and 
increasingly  so  eastward.  It  has  here  become  so  impregnated  with 
the  acid  magma  as  to  approach  petrographically  rather  to  a  granite, 
and  a  specimen  from  the  ridge  of  Druim  Eadar  da  Choire  gives  a 
specific  gravity  only  275.  Here,  as  in  the  locality  first  described, 
the  rock  is  in  great  part  decomposed  to  a  reddish  sand,  and  the 
spheroidal  weathering  formerly  noted  also  reappears  at  several 
places  on  the  line  of  this  long  strip. 

These  long  narrow  strips  of  gabbro  seem  to  have  had,  prior  to  the 
invasion  of  the  acid  magma,  the  general  nature  of  large  dykes 
intersecting  rocks  of  which  no  trace  is  now  to  be  seen.  We  have 
alluded  to  them  in  a  former  chapter  as  probably  representing  some 
of  the  feeders  of  the  large  gabbro  laccolite  of  the  Cuillins.  This  latter 
has,  in  this  immediate  neighbourhood,  been  removed  by  erosion ; 
but  a  relic  of  it  seems  to  be  represented  by  another  patch  of 
gabbro  situated  on  the  main  ridge  of  Marsco  itself,  to  the  south- 
east of  the  summit  (Figs.  27  and  36),  and  having  evidently  the 
sheet-like,  not  the  dyke-like,  habit.  There  is  no  rock  of  the 
marscoite  type  in  this  place.  The  gabbro  has  very  evidently  been 
attacked  and  partially  corroded  by  the  acid  magma,  and  for  some 
distance  below  it  on  all  sides  the  coarse  drusy  granophyre  is 
enriched  in  the  darker  and  more  basic  elements,  isolated  xenoliths 
of  gabbro  in  an  advanced  stage  of  dissolution  being  detected  in 
places  for  at  least  500  yards  farther  along  the  south-east  ridge. 
This  outlying  sheet  of  modified  gabbro  on  the  summit-ridge  of 
Marsco  may  with  much  probability  be  taken  to  represent  the  base 
of  the  great  laccolite.  Prolonged  for  about  a  mile  southward  it 
would  just  miss  the  top  of  the  lower  granite  hill  Ruadh  Stac  (see 
Fig.  27),  and  it  is  worthy  of  note  that  on  the  eastern  shoulder  of 
this  hill  the  granite  contains  abundant  little  half-digested 
xenoliths  of  gabbro.  On  the  north-western  slope  of  Ruadh  Stac  a 
small  patch  of  gabbro  has  been  mapped,  which  by  its  low 
specific  gravity  (2*82)  gives  evidence  of  a  certain  degree  of 
acidification,  and  others,  not  more  closely  examined,  occur  at  two 
or  three  places  in  the  granite  of  this  part  of  the  district. 

Summarily,  the  chief  igneous  rocks  of  Marsco  fall  under  three 
heads,  the  gabbro,  the  marscoite,  and  the  acid  rocks ;  and  these 
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were  intruded  in  order  as  named.  The  gabbro  was  the  earliest, 
and  existed  in  the  form  of  large  dyke-like  bodies,  doubtless  more 
continuous  than  at  present  and  of  greater  and  more  constant 
width.  The  marscoite  was  intruded  along  the  border  of  the 
gabbro  in  numerous  places,  and  this  also  had  the  dyke-habit. 
Further,  it  is  not  improbable  that  the  acid  rocks  were  also 
intruded  in  the  first  place  after  the  fashion  of  dykes,  following 
still  the  old  channels ;  but  the  overwhelming  volume  of  the  acid 
magma  which  was  eventually  forced  up  has  obliterated  the 
evidence  on  this  point,  and  further  has  left  only  much  corroded 
relics  of  the  older  basic  rocks.  The  nature  of  the  mutual  reactions 
which  have  taken  place  among  the  several  rocks  indicates  that 
they  were  intruded  in  somewhat  rapid  succession,  and  even  in 
certain  places  that  one  was  not  completely  solidified  before  it  was 
invaded  by  another.  Finally,  if  the  several  rocks  were  forced  up 
along  the  same  channels,  with  only  brief  intervals  of  time,  we 
may  infer  that  they  were  very  closely  connected  in  origin.  Further 
light  is  thrown  on  some  of  these  considerations  by  the  petro- 
graphical  study  of  the  rocks. 

Taking  these  peculiar  rocks  of  Marsco  in  order,  we  shall  note 
first  the  petrographical  evidence  of  the  impregnation  and  internal 
fusion  of  the  gabbro  by  the  add  magma.  A  good  example  of  an 
early  stage  of  the  process  comes  from  the  south-eastern  ridge  of 
the  hill,  at  about  600  yards  from  the  summit-cairn.  It  is  a  dark 
crystalline  rock  very  like  many  examples  of  the  medium-grained 
normal  gabbros  of  the  Cuillins.  The  only  suggestive  feature  on 
the  hand-specimen  is  the  presence  of  a  few  flakes  of  brown  mica,  a 
mineral  rarely  if  ever  found  in  our  gabbros  save  in  connection  with 
reactions  between  them  and  other  igneous  rocks.  The  specific 
gravity  is  2*92.  A  thin  slice  [8965]  shows  nevertheless  some  note- 
worthy points.  The  felspar  is  a  labradorite,  giving  extinction- 
angles  up  to  30^  in  sections  perpendicular  to  the  albite-lamellae. 
Except  that  it  is  unusually  clear,  a  common  incident  of  thermal 
metamorphism,  it  resembles  the  felspar  of  the  normal  gabbros. 
The  pale  augite  is  also  quite  normal,  but  has  been  converted  in 
small  part  into  a  light-green  hornblende.  There  are  also  the  usual 
irregular  grains  of  opaque  iron-ore,  and  little  hexagonal  prisms  of 
apatite  are  locally  present.  There  are,  however,  other  constituents 
not  proper  to  the  gabbros;  viz.  some  interstitial  quartz,  little 
crystals  of  brown  hornblende,  and  fiakes  of  deep-brown  mica,  the 
last  chiefly  surrounding  the  iron-ore  grains.  The  brown  silicate- 
minerals  are  partly  idiomorphic,  but  in  places  their  relation  to  the 
quartz  is  such  as  to  prove  that  they  belong  to  the  same  stage  as 
that  mineral.  It  cannot  be  doubted  that  these  three  are  the  results 
of  reactions  consequent  upon  a  certain  permeation  of  the  gabbro  by 
the  acid  magma. 

Rocks  similar  to  that  just  described  occur  at  other  spots  on  the 
ridge  and  in  the  gully  on  the  north-west  face  of  the  hill.  The 
next  specimen,  taken  from  the  last-named  place,  illustrates  a  further 
stage  of  modification  of  the  gabbro.  To  the  eye  it  looks  very  like 
the   preceding,  though  perhaps  a  little  richer  in  the  felspathic 
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contrasted  with  fibrous)  stracture.  Very  often  there  is  a  core  of 
unchanged  augite  with  the  basal  striation  that  indicates  its  deriva- 
tion from  gabbro,  and  the  traces  of  this  structure  are  sometimes 
seen  even  when  the  conversion  to  hornblende  has  been  complete. 
Failing  this  evidence,  the  derivation  of  the  hornblende  can  often 
be  inferred  from  the  irregular  shape  of  its  crystals,  or  from  its 
enclosing  abundant  shapeless  grains  of  magnetite.  On  the  other 
hand,  there  is  usually  some  hornblende  presenting  the  crystal  out- 
lines proper  to  that  mineral,  and  this  must  certainly  have  crystal- 
lised out  from  the  modified  granophyre-magma.  In  some  slides  it 
is  very  plentiful.  It  does  not  difier  materially  in  colour  and 
pleochroism  from  the  pseudomorphic  hornblende.  It  may  be 
remarked  that,  when  the  latter  encloses  a  core  of  unchanged  augite, 
the  two  minerals  have  the  usual  crystallographic  relation,  the 
b  and  c  axes  being  common  to  both :  in  a  clinopinacoidal  section 
the  extinction-angle  of  the  augite  is  39°,  and  of  the  hornblende 
18°,  on  the  same  side  of  the  vertical  [2674],  In  addition  to  the 
augite  plainly  derived  from  gabbro,  several  of  the  slides  contain 
rather  rounded  grains  of  augite  showing  neither  basal  striation  nor 
partial  conversion  to  hornblende.  These  are  to  be  regarded  as 
crystallised  directly  from  the  granophyre  magma.  Two  slides 
[2674,  6703]  contain  altered  xenocrysts  of  rhombic  pyroxene,  a 
mineral  whicn  we  have  noted  as  an  occasional  constituent  of  the 
gabbros  of  the  district.  There  is  a  partial  conversion  to  horn- 
blende at  the  margin,  while  the  interior  is  usually  serpentinised. 

Occasionally  pseudomorphs  after  olivine,  appareittly  of  "  pilitic  " 
amphibole,  are  seen  enclosed  in  the  relics  of  striated  augite  [6704], 
or  isolated  in  the  granophyre-matrix  [6703]. 

Magnetite-grains  of  irregular  shape  are  embedded  in  many  of 
the  augite-xenocrysts  and  the  hornblende-pseudomorphs  after 
them,  and  these  do  not  differ  from  the  grains  in  the  original 
gabbro.  Most  of  the  abundant  magnetite  in  the  slices  is,  however, 
of  a  different  kind,  building  perfect  or  imperfect  octahedra.  Though 
partly  representing  in  substance  iron-ore  absorbed  from  gabbro- 
d^bris,  it  is  evidently  a  new  crystallisation  from  the  modified 
granophyre-magma. 

Distinct  xenocrysts  of  gabbro-felspar  are  rare  in  the  specimens 
sliced,  but  they  are  occasionally  found,  especially  in  the  neigh- 
bourhood of  actual  gabbro-xenoliths.  One  suitably  oriented 
crystal  gave  extinction-angles  35°  and  36°  in  alternate  lamellse, 
and  is  presumably  labradorite  like  the  common  felspar  in  the 
gabbros  of  the  district.  It  has  a  marginal  intergrowth  of  a  more 
acid  felspar,  and,  like  the  felspar-phenocrysts  in  all  these 
granophyres,  has  served  as  nucleus  for  a  growth  of  micropegmatite 
[6704].  It  is  clear  that  most  of  the  felspar  of  the  enclosed 
gabbro-fragments  has  been  completely  absorbed  by  the  envelop- 
ing magma.  The  result  is  seen  in  a  great  preponderance  of  soda- 
lime-  over  potash-  felspar  in  the  rock  as  finally  consolidated, 
compared  with  the  normal  granophyres  of  the  district.  This 
dominant  felspar  seems,  however,  to  be  chiefiy  oligoclase,  with 
quite  low  extinction-angles. 
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Apart  from  the  peculiarities  described,  the  rocks  here  dealt 
with  present  a  general  similarity  to  the  normal  granophyres. 
There  are,  however,  one  or  two  special  points  worth  noting. 
Several  writers,  in  describing  the  phenomena  of  xenoliths  of  acid 
rocks  in  basalts  and  diabases,  have  remarked  a  tendency  to  the 
formation  of  hollow  spaces,  usually  filled  by  later  products. 
Indications  of  the  same  tendency  are  not  wanting  in  the  present 
converse  case,  though  the  circumstances  are  different.  In  one 
example  are  seen  ring-like  aggregates,  about  -^  inch  in  diameter, 
of  hornblende  crystals,  surrounding  areas  of  clear  quartz  [6705]. 
Quartz  is  frequently  seen  moulded  upon  hornblende-crystals,  and, 
in  several  slides,  penetrated  by  actinolitic  needles.  Such  patches 
of  quartz  are  quite  different  from  the  quasi-porphyritic  grains 
common  in  the  granophyres,  and  they  seem  to  be  of  late  formation 
— not  necessarily  secondary  in  the  usual  sense.  They  probably 
occupy  what  have  once  been  vacant  spaces  formed  in  connection 
with  the  destruction  of  xenoliths,  and  are  quite  distinct  from 
ordinary  druses.  The  latter  are  also  found  here  just  as  in  the 
normal  granophyres,  and  are  commonly  filled  by  calcite  and  quartz 
[6707].  In  places  it  can  be  seen  that  the  calcite-crystals  project 
mto  tne  quartz,  which  again  indicates  that  some  of  the  latter 
mineral  belongs  to  a  very  late  stage  in  the  history  of  the  rock. 

In  addition  to  the  relics  of  gabbro  in  these  granophyres  there 
are  occasional  traces  of  inclusions  of  other  rocks.  In  particular 
there  are  granular  aggregates  consisting  largely  of  hornblende  and 
magnetite  and  presenting  angular  outlines  to  the  surrounding 
matrix  [6709].  These,  no  doubt,  represent  small  fragments  of 
basalt  in  an  advanced  stage  of  dissolution,  and  are  merely 
accidental  xenoliths  picked  up  from  the  volcanic  agglomerate. 
They  are  of  the  same  nature  as  the  fragments  enclosed  in  the 
felsitic  rock  already  mentioned  as  forming  the  marginal  part  of 
the  acid  intrusion  in  certain  places.  These  latter  are  much  less 
altered  from  their  original  state,  and  often  preserve  sub-angular 
outlines. 

We  pass  on  to  consider  the  more  remarkable  phenomena  dis- 
played on  Marsco  and  about  Glamaig,  where  the  basic  rocks  involved 
in  the  acid  intrusions  are  not  merely  detached  small  xenoliths 
from  some  subterranean  source  but  large  bodies  of  dyke-like  and 
sheet-like  form.  Here  the  relations  are  of  a  very  peculiar  kind, 
being  complicated  by  the  intervention  of  a  third  rock  in  addition 
to  the  gabbro  and  the  granophyre.  Since  this  is  unlike  any  type 
included  in  systematic  classifications  and  nomenclatures,  we 
shall  for  convenience  refer  to  it  under  the  provisional  name 
**  marscoite.''  This  is  done  merely  to  avoid  repeated  periphrases, 
and  it  is  not  intended  to  establish  a  new  rock-type :  the  rock 
indeed  is  certainly  a  hybrid  one,  and  therefore  not  entitled  to 
systematic  rank  or  formal  designation.  In  this  place  it  is  sufficient 
to  state  that  it  is  a  conspicuously  porphyritic  rock,  with  large 
crystals  of  labradorite,  and,  though  of  generally  basic  composition, 
contains  quartz,    usually   in  visible  grains.     On  Marsco  gabbro. 
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marscoite,  and  the  dominant  acid  rocks  are  associated  in  a 
peculiarly  intimate  fashion ;  while  in  the  neighbourhood  of  Glamaig 
the  marscoite  is  again  found  associated  with  granophyre,  the 
gabbro  being  here  scarcely  represented.  We  shall  describe  the 
rocks  of  these  two  areas  in  turn,  noting  in  each  case  first  the 
relations  of  the  rocks  as  seen  in  the  field  and  then  the  more 
interesting  petrographical  details.  These  lead  to  results  which 
have  in  some  respects  more  than  a  local  interest. 

At  the  north-western  base  of  Marseo  the  tourist-track  up  Glen 
Sligachan  crosses  a  boggy  slope,  which  is  conspicuous  at  a 
distance  as  a  bright  green  delta-like  area,  and  is  due  to  a  mass  of 
red  sand  or  loam  washed  down  from  a  deep  gully  in  the  hillside 
(Plate  VIII.).  On  examining  the  gully,  it  is  seen  that  this 
material  is  derived  from  a  gabbro-like  rock  which,  unlike  most  of 
the  Skye  gabbros,  is  deeply  decayed,  and  by  its  decomposition  has 
determined  the  line  of  the  gully.  The  rock  has  been  afiected  by 
spheroidal  weathering,  with  exfoliation,  and  the  large  spheroids 
themselves  are  sometimes  decayed  to  the  core ;  so  that  what  looks 
at  first  sight  like  solid  gabbro  may  be  seen  traversed  by  numerous 
rabbit-burrows.  This  strip  of  basic  rock  is  usually  less  than  50 
yards  wide,  though  considerably  expanded  at  the  lower  end, 
where  it  is  covered  by  the  delta  of  sand.  It  runs  eastward,  with 
some  departures  from  the  straight  course,  for  nearly  f  mile  (see 
sketch-map,  Fig.  36) ;  and  the  way  in  which  it  crosses  ridge  and 
hollow  without  deviation,  as  well  as  the  nature  of  the  boundaries 
when  visible,  shows  that  it  is  a  large  dyke-like  body  with  a  small 
inclination  to  the  vertical  (Fig.  35).  While  the  greater  part  of 
it  consists  of  gabbro  (including  gabbro  pai-tly  acidified  by  impreg- 
nation), the  northern  border  is  of  the  rock  which  we  have  styled 
marscoite.  On  both  sides  the  strip  of  basic  rocks  has  been 
attacked  by  the  acid  magma  and  mutual  changes  have  been 
produced.  The  acid  rocks  on  the  south  and  north  sides  seem 
to  belong  to  distinct  intrusions,  for  the  one  is  granitoid  or 
coarsely  granophyric,  while  the  other  is  fine-textured  and 
porphyritic. 

Since  an  examination  of  the  exposures  in  this  gully  illustrates 
several  points  of  interest  in  the  behaviour  of  the  four  rocks  involved, 
we  give  a  transverse  section  across  it  in  the  accompanying  figure 
(35).  Beginning  on  the  south  side,  we  find  little  indication  of  any 
abnormality  in  the  acid  rock  at  A.  It  is  a  pale  granite,  often 
coarsely  granophyric,  and  the  exposures  give  very  little  evidence  of 
modification  due  to  the  absorption  of  basic  material.  The  actual 
boundary  against  the  gabbro,  where  such  evidence  might  be  more 
confidently  expected,  is  not  easily  examined.  The  gabbro,  however, 
is  very  decidedly  affected  in  the  fashion  already  described  elsewhere. 
Even  so  far  away  as  in  the  crags  overlooking  the  bum  there  is  a 
notable  degree  of  acidification,  the  specific  gravity  at  B  being  only 
2*84.  The  gabbro  in  the  burn  at  C  and  that  with  spheroidal 
structure  in  the  slope  C  D  are  not  very  different  from  the  normal 
type,  and  have  a  specific  gravity  2*91.  Between  D  and  E  the  rock 
shows  no  evidence  of  acidification ;  but  here  it  besrins  to  assume 
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something  of  a  pophyritic  aspect  by  the  occurrence  of  prominent 
glflssy-looking  crystals  of  labradorite.  These  become  more  con- 
spicuous, while  the  rock  otherwise  becomeB  progeEsively  finer  in 
grain.  There  is  thus  a  general  resemblance  in  appearance  to  the 
marscoite  of  other  parts  of  the  hill ;  but  the  quartz-grains  are  so 
far  wanting,  and  even  at  F,  where  the  porphyritic  structure  is  well 
pronounced,  the  rock  is  thoroughly  basic  in  composition,  its  specific 
gravity  here  being  2"98.  Before  reaching  G,  however,  quartz- 
grains  have  appeared  in  considerable  abundance,  and  the  specific 
gravity  has  fallen  to  2-86.  The  rock  which  forms  what  mnst  be 
regarded  as  the  border  of  the  basic  strip  is  a  characteristic  marscoite. 
Between  this  and  the  porphyritic  felsite  at  H  no  sharp  boundary 
can  be  drawn.  There  is  an  intermediate  zone,  a  few  feet  in  width, 
of  a  hybrid  rock  resalting  from  the  intermixture  of  the  marscoite 


Fin.  35  — Section  across  the  deep  gull;  on  the  N  W  elope  of  Marsco 
EiplonatioD  in  the  text  K  is  granite  of  pegmatoid  and  gneissic 
structure  reining  the    gabbro  as  exposed   in  tne  bed  of  the  stream  a 


httie  lower  down 
conjectural 


iith  the  granite  to  the  aouch  ts  only 


and  the  felsite  The  rock  of  this  zone  is  of  grey  colour  with  a 
rather  fine-grained  ground  encloamg  porphyntic  felspars  and 
quartz-grains  Its  heterogeneous  ongin  is  manifest  to  the  eye  in  a 
curiously  patchy  appearance,  darker  and  lighter  portions  being  m 
some  places  rather  sharply  separated  and  in  other  places  shading 
into  one  another.  The  darker  and  ligher  patches,  which  may  be 
well  displayed  in  a  hand-specimen,  represent  the  marscoite  and  the 
felsite  respectively ;  but,  even  where  they  are  moat  distinct,  it  is 
certain  that  the  one  has  been  partly  acidified  and  the  other  partly 
basified.  Admixture  has  thus  taken  place  both  by  bodily  inters 
mingling  and  by  diSusion,  and  it  can  scarcely  be  doubted  that  the 
two  rocks  represented  were  in  a  partially  fiuid  state  at  the  same 
time.     The  relations  between  the  marscoit«  and  the  felsite  on  the 
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north  side  of  the  gully  thus  differ  in  some  respects  from  those 
between  the  gabbro  and  the  granite  on  the  south  side. 

Following  the  strip  of  basic  rock  eastward  from  the  head  of  the 
gully,  we  find  that  the  marscoite  on  the  northern  border  is  not  to 
be  traced  continuously.  After  disappearing,  however,  it  reappears 
near  the  eastern  end  of  the  strip,  being  here  at  some  little  distance 
from  the  edge  of  the  gabbro  and  wholly  enveloped  in  the  acid  rock, 
as  shown  in  the  sketch-map  (Fig.  36).  This  is  enough  to  show, 
what  is  elsewhere  sufficiently  evident,  that  the  marscoite  is  not 
merely  a  modification  in  situ  of  the  gabbro,  but  represents  a  distinct 
act  of  intrusion.  We  shall  see  that  this  rock  is  everywhere 
younger  than  the  gabbro,  but  older  than  the  acid  rocks.  The  only 
place  where  it  has  been  observed  clearly  to  graduate  into  the 
gabbro  is  in  the  gully  already  described,  and  there  we  must  suppose 
that  the  marscoite  was  intruded  along  the  edge  of  the  gabbro  while 
that  rock  was  still  in  a  fluid  condition.  In  other  places  the  two 
have  been  divided  by  a  more  decided,  though  probably  only  a 
short,  interval.  In  the  eastern  portion  of  the  gabbro  strip  the 
relations  of  this  rock  to  the  granite  are  well  seen.  The  acid  rock 
sends  numerous  veins  into  the  gabbro,  as  well  as  impregnating  it 
on  a  minute  scale.  Moreover  the  rock  bordering  the  gabbro  on  its 
south  side  is  for  some  distance  rich  in  xenoliths  and  xenocrysts 
derived  from  the  gabbro  and  in  process  of  dissolution.  It  is  here 
rather  a  granophyre  than  a  granite,  but  evidently  richer  than  is 
normal  in  the  ferro-magnesian  elements. 

A  little  farther  south  is  another  but  smaller  strip  of  basic  rock, 
running  S.S.E.  along  the  west  side  of  Coire  nan  Laogh.  Its 
eastern  side  is  a  dyke-like  strip  of  marscoite,  up  to  50  feet  in 
width ;  and  in  contact  with  this  on  its  west  side  is  gabbro, 
which,  however,  is  of  irregular  width,  and  does  not  extend  to  the 
northern  extremity  of  the  strip.  This  illustrates  a  point  which  is 
elsewhere  noticeable  on  Marsco,  viz.  that,  except  in  the  gully  first 
noticed,  the  gabbro  has  been  more  readily  attacked  by  the  acid 
magma  than  the  marscoite ;  so  that,  where  the  latter  rock  inter- 
venes, it  has  to  some  extent  protected  the  former.  Another  small 
enclosed  strip  of  basic  rock  occurs  further  west,  near  the  precipice 
named  Fiaclan  Dearg.  This  is  for  the  most  part  of  gabbro,  much 
modified  by  the  acid  magma  and  having  in  places  a  rather  ill- 
defined  boundary.  Northward,  however,  a  dyke-like  strip  of 
marscoite  comes  on  on  the  western  or  lower  side  of  the  gabbro,  and 
continues  beyond  it,  as  shown  in  the  sketch-map  (Fig.  36).  The 
boundary  of  the  marscoite  is  sharply  marked,  and  without  close 
examination  it  might  pass  for  a  dyke  cutting  the  granite. 

The  largest  of  the  enclosed  strips  of  gabbro  is  that  which  takes 
a  curved  course,  more  than  IjJ  mile  in  length,  to  the  east  of  the 
summit,  and  may  be  traced  as  far  as  the  burn  in  Coire  na  Seilg. 
Here  again  the  acid  rocks  to  the  north  and  south  are  different, 
the  one  being  fine-textured  and  porphyritic,  the  other  coarse 
and  granophyric  to  granitoid  in  structure.  This  seems  to 
indicate  that  the  basic  rock  has  not  been  enveloped  by  a  single 
acid  intrusion  but  caught  between  two  distinct  intrusions.     The 
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northern  part  of  the  strip  is  irregulariy  expanded,  and  terminatea 
northward  at  a  bum  which  runs  down  to  AUt  Mam  a*  Phobuill,  the 
gabbro  being  bordered  here  by  a  dyke-like  strip  of  marscoite. 
Following  the  strip  of  gabbro  where  it  turns  south-eastward,  we 
find  marscoite  again  on  the  south-western  border ;  but  this  dies 
out  after  about  300  yards,  leaving  the  gabbro  in  contact  with  the 
drusy  coarse  granophyre,  which  assumes  a  dark  colour  near  the 
junction.  This  relation  continues  eastward,  as  the  gabbro  strip, 
with  a  width  usually  of  30  or  40  yards,  runs  up  to  Druim  Eadar  da 
Choire  and  over  to  Coire  na  Seilg.  Throughout  this  stretch  the 
coarse  granophyre  to  the  south  is  manifestly  modified  by  basic 
material  taken  up  from  the  gabbro,  but  the  porphyritic  felsite  to 
the  north  shows  little  sign  of  such  modification.  The  rock  which, 
for  the  purpose  of  describing  the  field-relations,  we  are  calling 
gabbro,  is  in  this  part  very  diSerent  from  a  normal  gabbro,  and 
increasingly  so  eastward.  It  has  here  become  so  impregnated  with 
the  acid  magma  as  to  approach  petrographically  rather  to  a  granite, 
and  a  specimen  from  the  ridge  of  Druim  Eadar  da  Choire  gives  a 
specific  gravity  only  275.  Here,  as  in  the  locality  first  described, 
the  rock  is  in  great  part  decomposed  to  a  reddish  sand,  and  the 
spheroidal  weathering  formerly  noted  also  reappears  at  several 
places  on  the  line  of  this  long  strip. 

These  long  narrow  strips  of  gabbro  seem  to  have  had,  prior  to  the 
invasion  of  the  acid  magma,  the  general  nature  of  large  dykes 
intersecting  rocks  of  which  no  trace  is  now  to  be  seen.  We  have 
alluded  to  them  in  a  former  chapter  as  probably  representing  some 
of  the  feeders  of  the  large  gabbro  laccolite  of  the  Cuillins.  This  latter 
has,  in  this  immediate  neighbourhood,  been  removed  by  erosion ; 
but  a  relic  of  it  seems  to  be  represented  by  another  patch  of 
gabbro  situated  on  the  main  ridge  of  Marsco  itself,  to  the  south- 
east of  the  summit  (Figs.  27  and  36),  and  having  evidently  the 
sheet-like,  not  the  dyke-like,  habit.  There  is  no  rock  of  the 
marscoite  type  in  this  place.  The  gabbro  has  very  evidently  been 
attacked  and  partially  corroded  by  the  acid  magma,  and  for  some 
distance  below  it  on  all  sides  the  coarse  drusy  granophyre  is 
enriched  in  the  darker  and  more  basic  elements,  isolated  xenoliths 
of  gabbro  in  an  advanced  stage  of  dissolution  being  detected  in 
places  for  at  least  500  yards  farther  along  the  south-east  ridge. 
This  outlying  sheet  of  modified  gabbro  on  the  summit-ridge  of 
Marsco  may  with  much  probability  be  taken  to  represent  the  base 
of  the  great  laccolite.  Prolonged  for  about  a  mile  southward  it 
would  just  miss  the  top  of  the  lower  granite  hill  Ruadh  Stac  (see 
Fig.  27),  and  it  is  worthy  of  note  that  on  the  eastern  shoulder  of 
this  hill  the  granite  contains  abundant  little  half-digested 
xenoliths  of  gabbro.  On  the  north-western  slope  of  Ruadh  Stac  a 
small  patch  of  gabbro  has  been  mapped,  which  by  its  low 
specific  gravity  (2*82)  gives  evidence  of  a  certain  degree  of 
acidification,  and  others,  not  more  closely  examined,  occur  at  two 
or  three  places  in  the  granite  of  this  part  of  the  district. 

Summarily,  the  chief  igneous  rocks  of  Marsco  fall  under  three 
heads,  the  gabbro,  the  marscoite,  and  the  acid  rocks ;  and  these 
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were  intruded  in  order  as  named.  The  gabbro  was  the  earliest, 
and  existed  in  the  form  of  large  dyke-like  bodies,  doubtless  more 
continuous  than  at  present  and  of  greater  and  more  constant 
width.  The  marscoite  was  intruded  along  the  border  of  the 
gabbro  in  numerous  places,  and  this  also  had  the  dyke-habit. 
Further,  it  is  not  improbable  that  the  acid  rocks  were  also 
intruded  in  the  first  place  after  the  fashion  of  dykes,  following 
still  the  old  channels ;  but  the  overwhelming  volume  of  the  acid 
magma  which  was  eventually  forced  up  has  obliterated  the 
evidence  on  this  point,  and  further  has  left  only  much  corroded 
relics  of  the  older  basic  rocks.  The  nature  of  the  mutual  reactions 
which  have  taken  place  among  the  several  rocks  indicates  that 
they  were  intruded  in  somewhat  rapid  succession,  and  even  in 
certain  places  that  one  was  not  completely  solidified  before  it  was 
invaded  by  another.  Finally,  if  the  several  rocks  were  forced  up 
along  the  same  channels,  with  only  brief  intervals  of  time,  we 
may  infer  that  they  were  very  closely  connected  in  origin.  Further 
light  is  thrown  on  some  of  these  considerations  by  the  petro- 
graphical  study  of  the  rocks. 

Taking  these  peculiar  rocks  of  Marsco  in  order,  we  shall  note 
first  the  petrographical  evidence  of  the  impregnation  and  internal 
fusion  of  the  gabbro  hy  the  acid  magma,  A  good  example  of  an 
early  stage  of  the  process  comes  from  the  south-eastern  ridge  of 
the  hill,  at  about  600  yards  from  the  summit-cairn.  It  is  a  dark 
crystalline  rock  very  like  many  examples  of  the  medium-grained 
normal  gabbros  of  the  Cuillins.  The  only  suggestive  feature  on 
the  hand-specimen  is  the  presence  of  a  few  flakes  of  brown  mica,  a 
mineral  rarely  if  ever  found  in  our  gabbros  save  in  connection  with 
reactions  between  them  and  other  igneous  rocks.  The  specific 
gravity  is  2*92.  A  thin  slice  [8965]  shows  nevertheless  some  note- 
worthy points.  The  felspar  is  a  labradorite,  giving  extinction- 
angles  up  to  30^  in  sections  perpendicular  to  the  al bite-lamellae. 
Except  that  it  is  unusually  clear,  a  common  incident  of  thermal 
metamorphism,  it  resembles  the  felspar  of  the  normal  gabbros. 
The  pale  augite  is  also  quite  normal,  but  has  been  converted  in 
small  part  into  a  light-green  hornblende.  There  are  also  the  usual 
irregular  grains  of  opaque  iron-ore,  and  little  hexagonal  prisms  of 
apatite  are  locally  present.  There  are,  however,  other  constituents 
not  proper  to  the  gabbros;  viz.  some  interstitial  quartz,  little 
crystals  of  brown  hornblende,  and  flakes  of  deep-brown  mica,  the 
last  chiefly  surrounding  the  iron-ore  grains.  The  brown  silicate- 
minerals  are  partly  idiomorphic,  but  in  places  their  relation  to  the 
quartz  is  such  as  to  prove  that  they  belong  to  the  same  stage  as 
that  mineral.  It  cannot  be  doubted  that  these  three  are  the  results 
of  reactions  consequent  upon  a  certain  permeation  of  the  gabbro  by 
the  acid  magma. 

Rocks  similar  to  that  just  described  occur  at  other  spots  on  the 
ridge  and  in  the  gully  on  the  north-west  face  of  the  hill.  The 
next  specimen,  taken  from  the  last-named  place,  illustrates  a  further 
stage  of  modification  of  the  gabbro.  To  the  eye  it  looks  very  like 
the  preceding,  though  perhaps  a  little  richer  in  the  felspathic 
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constituent.  A  slice  (PL  XX.,  Fig.  1)  shows  some  points  of  difference. 
Apatite  is  rather  plentiftil — a  characteristic  of  these  Marsco  gabbros 
as  compared  with  the  generality  of  those  in  the  district.  Some  of 
the  original  augite,  very  pale  brown  in  colour,  still  remains,  but 
the  plates  seem  to  be  breaking  up,  and  most  of  the  augite  in  the 
slide  is  in  pale  greenish  grains  similar  to  those  in  the  acid  rocks. 
The  brown  hornblende  and  brown  mica  are  more  abundant  than 
before,  and  so  too  is  the  interstitial  quartz,  which  has  become 
quite  an  important  constituent.  Further,  the  felspars  show  a 
considerable  difference.  Some  large  crystals  indeed  remain,  with 
all  the  characters  of  the  ordinary  felspar,  though  clarified,  but  most 
of  the  felspar  is  in  smaller  crystals  evidently  of  new  formation. 
They  are  in  the  main  oligoclase-andesine,  but  they  are  strongly 
zoned,  and  the  outermost  zones  are  of  a  thoroughly  acid  variety. 
The  magnetite  is  in  small  crystal- grains,  and  its  relation  to  the 
new-formed  augite  proves  that  it  is  recrystellised. 

The  extreme  result  of  the  invasion  of  the  gabbro  by  the  acid 
magma  is  well  illustrated  by  the  eastern  part  of  the  longest 
enclosed  strip,  where  it  crosses  Druim  Eadar  da  Choire.  It  is 
pretty  sharply  distinguished  from  the  granophyre  on  either  side 
of  it,  especially  by  its  deeply  weathered  condition,  which  causes 
a  marked  dip  in  the  ridge  and  a  deep  gully  on  each  slope.  Its 
geological  relations,  and  its  continuity  with  undoubted  gabbro  to 
the  west,  prove  clearly  that  it  represents  an  enclosed  strip  of  that 
rock ;  but,  taken  by  itself,  there  is  nothing  in  its  petrographical 
characters  that  would  suggest  referring  it  to  the  gabbro  family, 
and  it  corresponds  in  composition  much  more  nearly  with  a 
granite.  Like  these  hybrid  rocks  in  general,  it  does  not  fall 
under  any  normal  rock-type.  Mineralogically,  it  has  too  little 
quartz  for  a  granite  and  too  much  of  the  ferro-magnesian  minerals 
for  a  quartz-syenite,  while  the  nature  of  the  felspathic  elements 
separates  it  from  the  quartz -diorites.  A  fresh  specimen  is  a 
medium-grained  crystalline  rock  of  specific  gravity  2*75.  It  has 
a  mottled  black  and  white  aspect  suggestive  in  itself  of  admixture. 
A  slice  [7133]  shows  that  the  dominant  coloured  mineral  is  a 
green  hornblende,  but  much  of  this  is  clearly  derived  from  a  pale 
augite,  kernels  of  which  still  remain.  Brown  mica  occurs  in 
subordinate  amount,  partly  intergrown  with  the  augite.  There 
are  grains  of  magnetite  and  a  few  little  prisms  of  apatite,  while 
a  more  unexpected  constituent  is  zircon  in  small  pyramids  and 
prisms.  The  felspar  is  mostly  an  oligoclase  with  very  low 
extinction -angles ;  but  there  is  also  orthoclase,  which  shows  some 
degree  of  zonary  banding  between  crossed  nicols.  There  is  no 
micrographic  structure  here,  the  quartz  being  simply  the  latest 
product  of  crystallisation. 

Such  rocks  as  the  specimen  just  described  illustrate  in  a  strik- 
ing way  the  extent  to  which  interchange  of  material  may  be 
carried  between  an  enclosed  strip  of  gabbro  and  an  enveloping 
granitic  magma  without  notably  impairing  the  individuality  of  the 
former  as  a  rock-body  with  well-defined  boundaries.  The  same 
thing  is    constantly  observable  as  between  xenoliths  and    their 
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matrix,  even  when  viewed  microscopically.  Such  facts  go  far  to 
negative  the  assumption  made  by  some  petrologists  that  the 
viscosity  of  rock-magmas  must  be  a  serious  check  upon  diffusion. 
In  the  case  of  our  rocks  it  is  clear  that  diffusion  proceeded  with 
great  freedom  when  intermixture  by  flowing  was  not  possible,  and 
when  dense  inclusions  were  not  able  to  sink  in  a  lighter  medium. 
A  rock  comparable  in  acidity  and  in  density  with  that  last 
described  might  be  made  by  fusing  together  about  one  part  of 
gabbro  with  two  of  granite,  but  it  is  not  likely  that  the  actual 
composition  of  the  rock  can  be  represented  in  this  crude  fashion. 
There  has  been  free  diffusion,  and,  as  we  shall  see  in  the  case  of 
the  xenolithic  granophyres  to  be  described  next,  the  several 
constituents  of  the  rocks  involved  did  not  diffuse  with  equal 
facility.  If  in  the  laboratory  we  fuse  together  two  rocks  of 
known  composition  in  known  proportions,  we  can  calculate  the 
composition  of  the  resulting  product;  but  the  conditions  which 
make  this  possible — viz.,  the  isolation  of  the  materials  in  a  crucible 
and  the  reduction  to  a  homogenous  condition  of  everything  within 
that  circumscribed  space — are  conditions  not  realised  in  nature. 
The  processes  which  have  operated  in  the  cases  of  the  Kilchrist 
and  Marsco  rocks  were  of  a  less  simple  kind,  mere  admixture 
being  supplemented  by  diffusion.  The  resulting  hybrid  rocks  in 
such  a  case  are  thus  only  in  a  general  sense  intermediate  in 
composition  between  the  two  parent  rocks,  and  may  be  abnormal 
in  comparison  with  any  ordinary  igneous  rocks  formed  from  a 
single  magma.  In  other  words,  the  series  consisting  of  two 
extreme  rock-types  and  the  various  hybrid  rocks  which  they  have 
generated  will  not  in  general  be  a  "  linear"  series  as  regards 
chemical  composition. 

We  proceed  to-  notice  the  modification  experienced  by  the  grano^ 
phyre  near  the  gabbro  strips  of  Marsco  in  consequence  of  the 
incorporation  of  basic  material  in  its  substance.  As  seen  in  the 
field,  the  rocks  vary  from  the  normal  drusy  granophyre  of  the 
district  [8967],  or  in  places  a  granitoid  variety,  to  an  extremely 
dark  type,  obviously  much  enriched  in  the  ferro-magnesian 
minerals.  Specimens  but  little  modified  show  evident  xenoliths 
in  the  form  of  little  patches,  rarely  an  inch  in  diameter,  not  very 
sharply  defined  against  their  matrix.  These  little  patches  are 
evidently  richer  in  hornblende  and  other  dark  minerals  than  the 
surrounding  matrix,  and  the  felspar  in  them  usually  appears  dead- 
white  instead  of  the  yellowish  tint  common  in  the  granophyres.  The 
indications  of  xenoliths  are  often  less  apparent  in  specimens  of  the 
darker,  more  modified  rocks,  but  there  is  still  a  certain  mottled 
aspect  due  to  ill-defined  patches  of  darker  and  lighter  tints,  respec- 
tively richer  and  poorer  in  the  dark  constituents. 

In  the  thin  slices  prepared  from  various  examples  it  is  found 
that  none  of  the  principal  constituents  of  the  gabbro  can  be  recog- 
nised as  surviving:  the  xenoliths,  though  preserving  suflScient 
individuality  to  indicate  their  approximate  outlines,  are  repre- 
sented entirely,  or  almost  entirely,  by  new-formed  minerals.  The 
change  is  not  a  mere  metamorphic  one,  but  one  of  substance,  for 
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the  new  minerals  include  alkali-felspars  and  quaiiiz.  The  xenoliths 
are  in  fact  pseudomorphed  by  a  relatively  basic  granophyre,  and 
there  must  have  been  both  addition  and  subtraction  of  material. 

The  only  original  mineral  of  the  gabbro  which  has  possibly 
survived  is  the  apatite,  with  perhaps  some  part  of  the  iron-ore. 
Apatite  is  constantly  found  in  the  rocks,  and  sometimes  rather 
abundantly ;  but  to  what  extent  it  is  derived  from  destroyed  gabbro 
it  is  not  easy  to  decide.  In  some  part,  however,  the  apatite  in 
these  rocks  must  have  belonged  to  the  gabbro.  One  specimen  sliced 
[7554]  shows  dark  patches  about  ^  inch  in  diameter  enclosed, 
without  a  very  sharp  boundary,  in  rock  with  the  characters  of  a 
normal  granite.  These  patches  are  not  only  much  richer  in  horn- 
blende, relatively  to  felspars  and  quartz,  than  the  matrix,  but 
contain  also  abundant  apatite  and  magnetite,  which  are  wanting 
outside  the  patches. 

As  regards  the  ferro-magnesian  minerals,  it  is  very  noticeable 
that  augite,  which  is  usually  well  represented  and  often  pre- 
dominant among  the  normal  granophyres  of  the  district,  is  here 
subordinate  or  entirely  absent.  Green  hornblende  is  constantly 
the  dominant  mineral  of  this  group,  both  within  the  altered  xeno- 
liths and  in  the  interspaces  between  them,  and  it  is  sometimes 
accompanied  by  brown  biotite  (Plate  XX.,  Fig.  3).  Much  of  the 
hornblende  is  idiomorphic,  though  without  good  crystal-forms, 
and  it  has  clearly  crystallised  as  such  from  fusion.  In  addition 
there  may  be  patchy  aggregates  of  hornblende,  and  perhaps  biotite, 
with  finely  granular  magnetite,  which  seem  to  replace  augite 
[8694] ;  and  indeed  the  gradual  conversion  of  augite  to  green 
hornblende  with  magnetite  granules  can  sometimes  be  observed  in 
various  stages  [7553].  The  hornblende  thus  arises  in  two  distinct 
ways,  and  the  same  is  true  of  the  magnetite.  Indeed  this  latter 
mineral  is  perhaps  of  three  kinds,  for  in  addition  to  little  octahedra 
evidently  crystallised  from  the  basified  granophyre  magma  and 
clusters  of  granules  formed  at  the  expense  of  augite,  there  are 
sometimes  larger  irregular  grains  which  may  be  derived  almost 
intact  from  the  gabbro. 

Both  plagioclase  and  orthoclase  are  always  present,  but  the 
former  predominates,  at  least  in  those  rocks  which  are  much 
modified  from  the  normal  granophyre  type.  It  is  oligoclase  ;  but 
occasionally  there  are  also  a  few  crystals  which  give  higher 
extinction-angles,  and  seem  to  be  andesine.  Quartz  is  always 
well  represented,  though  usually  in  notably  less  amount  than  in 
the  normal  granophyres.  It  builds  irregular  grains  or  enters  into 
micrographic  intergrowths,  the  structure  of  the  rocks  (granitoid  or 
more  commonly  granophyric)  presenting  in  this  respect  no 
peculiarity. 

It  is  interesting  to  enquire  what  proportion  of  gabbro  substance 
has  actually  been  taken  up  by  the  acid  magma.  The  crowded 
dark  patches  seen  in  some  of  the  rocks  give,  no  doubt,  an 
exaggerated  impression  of  the  amount  of  foreign  material  present, 
for  these  patches  have  not  the  composition  of  gabbro.  They  have 
been    permeated    by   the  acid   magma,   and   the   basic   material 
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abstracted  from  them  may  have  been  diflftised  through  a  consider- 
ably larger  volume  than  that  of  the  visibly  xenolithic  rock.  A 
specimen  [8694]  from  the  south-east  ridge  of  Marsco  was  examined 
by  Dr  Pollard,  who  found  it  to  contain  64' 7  2  per  cent,  of  silica 
and  2*98  per  cent,  of  lime.  This  was  an  average  example  of  the 
dark  basified  granophyres.  We  may  compare  it  with  a  mixture  of 
23*5  per  cent  of  gabbro  and  76*5  of  granophyre,  taking  the  figures 
for  these  from  analyses  already  given : — 

Silica.  Lime.        Sp.  grav. 

Gabbro   -        -        -        -  46*39  1529  285 

Granophyre     -  •      -         -  7034  1-24  2*66 

Calculated  mixture  -         -  6471  4*54  270 

Dark  granophyre  (found)  -  6472  2*98  273 

The  discrepancy  here  as  regards  lime  can  scarcely  be  accounted  for 
by  the  variable  composition  of  the  gabbro  and  granophyre  of  the 
district,  and  we  must  suppose  that  the  difierent  constituents  (such 
as  silica  and  lime)  diffuse  through  the  magma  in  different  degrees. 
We  may,  however,  conclude  that  the  acid  magma  has  in  some 
places  taken  up  something  like  one-third  of  its  mass  of  material 
derived  from  the  gabbro.  Some  of  these  dark  basified  granophyres, 
indeed,  cannot  be  much  less  basic  than  the  extreme  results  of 
acidification  in  those  rocks  which  are,  from  the  point  of  view  of 
their  geological  relations,  included  above  as  acidified  gabbros. 

A  remark  should  be  made  concerning  the  drusy  structure  of  the 
modified  granophyres  of  Marsco.  This  stinicture,  of  very  general 
occurrence  in  most  parts  of  the  Red  Hills,  is  especially  well  dis- 
played on  Marsco ;  and  in  those  granophyres  which  enclose  evident 
xenoliths,  or  preserve  the  outlines  of  destroyed  xenoliths,  the 
druses  often  seem  to  stand  in  relation  to  the  xenoliths.  It  may  be 
supposed  that  the  druses  in  this  case  have  been  rather  of  the  nature 
of  gas- and  steam- cavities,  and  that  the  solid  or  quasi-solid  frag- 
ments distributed  through  the  magma  have  served  as  starting- 
points  for  the  growth  of  bubbles.  The  association  of  druses  of 
various  kinds,  usually  of  small  size,  with  xenoliths  is  a  very  general 
phenomenon,  as  appears  clearly  in  the  literature  of  the  subject. 

Before  leaving  the  acid  rocks  of  Marsco,  it  should  be  remarked 
that  in  several  places  pegmatoid  veins  and  streaks  traverse  the 
gabbro  or  the  marscoite  for  a  short  distance  from  the  junction  with 
the  granophyre.  These  are  well  seen  in  the  gabbro  about  750  or 
800  yards  east  of  the  summit,  and  again  at  the  base  of  the 
gabbro-sheet  in  a  little  ravine  running  down  towards  Coire  nan 
Bruadaran.  At  both  these  places  large  crystals  of  bronzy-looking 
mica  are  conspicuous.  Pegmatite- veins  with  a  marked  gneissic 
banding  intersect  the  gabbro  of  the  gully  on  the  north-west  slope. 
All  these  rocks  are  of  very  coarse  texture,  the  individual  crystals  of 
quartz,  orthoclase,  and  oligoclase,  which  make  up  the  bulk  of  the 
veins,  ranging  up  to  an  inch  in  diameter,  and  the  flakes  of  brown 
mica  being  sometimes  nearly  as  large.  Lustrous  black  crystals  of 
hornblende,  brown  and  strongly  pleochroic  in  a  thin  slice,  are  of 
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constituent.  A  slice  (PI.  XX.,  Fig.  1)  shows  some  points  of  difference. 
Apatite  is  rather  plentiful — a  characteristic  of  these  Marsco  gabbros 
as  compared  with  the  generality  of  those  in  the  district.  Some  of 
the  original  augite,  very  pale  brown  in  colour,  still  remains,  but 
the  plates  seem  to  be  breaking  up,  and  most  of  the  augite  in  the 
slide  is  in  pale  greenish  grains  similar  to  those  in  the  acid  rocks. 
The  brown  hornblende  and  brown  mica  are  more  abundant  than 
before,  and  so  too  is  the  interstitial  quartz,  which  has  become 
quite  an  important  constituent.  Further,  the  felspars  show  a 
considerable  difference.  Some  large  crystals  indeed  remain,  with 
all  the  characters  of  the  ordinary  felspar,  though  clarified,  but  most 
of  the  felspar  is  in  smaller  crystals  evidently  of  new  formation. 
They  are  in  the  main  oligoclase-andesine,  but  they  are  strongly 
zoned,  and  the  outermost  zones  are  of  a  thoroughly  acid  variety. 
The  magnetite  is  in  small  crystal-grains,  and  its  relation  to  the 
new-formed  augite  proves  that  it  is  recrystallised. 

The  extreme  result  of  the  invasion  of  the  gabbro  by  the  acid 
magma  is  well  illustrated  by  the  eastern  part  of  the  longest 
enclosed  strip,  where  it  crosses  Druim  Eadar  da  Choire.  It  is 
pretty  sharply  distinguished  from  the  granophyre  on  either  side 
of  it,  especially  by  its  deeply  weathered  condition,  which  causes 
a  marked  dip  in  the  ridge  and  a  deep  gully  on  each  slope.  Its 
geological  relations,  and  its  continuity  with  undoubted  gabbro  to 
the  west,  prove  clearly  that  it  represents  an  enclosed  strip  of  that 
rock ;  but,  taken  by  itself,  there  is  nothing  in  its  petrographical 
characters  that  would  suggest  referring  it  to  the  gabbro  family, 
and  it  corresponds  in  composition  much  more  nearly  with  a 
granite.  Like  these  hybrid  rocks  in  general,  it  does  not  fall 
under  any  normal  rock-type.  Mineralogically,  it  has  too  little 
quartz  for  a  granite  and  too  much  of  the  ferro-magnesian  minerals 
for  a  quartz-syenite,  while  the  nature  of  the  felspathic  elements 
separates  it  from  the  quartz -diorites.  A  fresh  specimen  is  a 
medium-grained  crystalline  rock  of  specific  gravity  2"75.  It  has 
a  mottled  black  and  white  aspect  suggestive  in  itself  of  admixture. 
A  slice  [7133]  shows  that  the  dominant  coloured  mineral  is  a 
green  hornblende,  but  much  of  this  is  clearly  derived  from  a  pale 
augite,  kernels  of  which  still  remain.  Brown  mica  occurs  in 
subordinate  amount,  partly  intergrown  with  the  augite.  There 
are  grains  of  magnetite  and  a  few  little  prisms  of  apatite,  while 
a  more  unexpected  constituent  is  zircon  in  small  pyramids  and 
prisms.  The  felspar  is  mostly  an  oligoclase  with  very  low 
extinction-angles ;  but  there  is  also  orthoclase,  which  shows  some 
degree  of  zonary  banding  between  crossed  nicols.  There  is  no 
micrographic  structure  here,  the  quartz  being  simply  the  latest 
product  of  crystallisation. 

Such  rocks  as  the  specimen  just  described  illustrate  in  a  strik- 
ing way  the  extent  to  which  interchange  of  material  may  be 
carried  between  an  enclosed  strip  of  gabbro  and  an  enveloping 
granitic  magma  without  notably  impairing  the  individuality  of  the 
former  as  a  rock-body  with  well-defined  boundaries.  The  same 
thing  is    constantly  observable  as  between  xenoliths  and    their 
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representing  the  admixture  of  marscoite  with  the  normal  acid 
rock. 

Farther  north,  in  the  bed  of  Allt  Daraich,  we  find  some  relics  of 
marscoite  and  a  considerable  quantity  of  the  spotted  and  dark 
granophyres,  the  whole  probably  representing  the  prolongation  of 
the  Srdn  a'  Bhealain  sheet  (see  Fig.  38).  Coming  to  Glamaig 
itself,  we  cross  two  sheets  of  marscoite  on  the  ascent  from  Bealach 
na  Sgairde  to  the  summit.  Each  of  these  in  turn  for  some 
distance  separates  the  granophyre  of  the  lower  part  of  Marsco 
from  the  overlying  basaltic  lavas,  the  boundary  between  grano- 
phyre and  basalt  ascending  by  steps,  each  of  which  corresponds 
with  a  sheet  of  marscoite.  These  sheete,  however,  continue  as  sills 
in  the  basalt,  and  may  also  be  traced  for  some  distance  in  the 
granophyre,  by  which  they  have  been  attacked  and  corroded. 
These  relations  are  illustrated  in  Figures  38  and  39.  Another 
sheet  of  marscoite  is  seen  for  300  or  400  yards  on  the  west  slope  of 
the  hill,  in  this  case  at  the  lower  boundary  of  the  granophyre 
against  the  basalts.  In  all  cases  the  granophyre  near  its  junction 
with  the  marscoite  has  taken  up  abundant  debris  of  that  rock,  and 


Fig.  37. — Outlines  of  Glamaig  and  Boinn  Doarg,  seen  from  the  road  a  mile 
north  of  Sligachan.  The  broken  north  face  of  Glamaig,  on  the  extreme 
loft,  consists  largely  of  metamorphosed  basaltic  lavas.  Beinn  Dearg 
illustrates  the  characteristic  rounded  outlines  of  the  granite  hills  ;  while, 
in  strong  contrast  with  this,  the  abrupt  knoll  of  Sron  a'  Bhealain  is 
seen  towtu'ds  the  right  of  the  sketch. 

when  a  sheet  of  marscoite  comes  to  an  end  in  the  granophyre,  its 
course  can  still  be  traced  for  some  distance  by  a  band  of  xenolithic 
and  basified  rocks. 

The  interpretation  of  these  relations  is,  to  a  certain  point, 
sufficiently  evident.  The  marscoite,  apart  from  subsequent  modi- 
fications due  to  th«  acid  magma,  represents  a  distinct  rock,  which 
was  intruded  in  the  form  of  sills  at  several  horizons  in  the  basaltic 
lavas.  An  invasion  of  acid  magma,  of  much  greater  volume,  has 
followed,  and  this  has  at  first  found  its  easiest  channel  along  the 
surfaces  of  the  sills  of  marscoite.  Where  guided  by  these,  it  has 
often  kept  for  some  distance  to  one  horizon,  but  elsewhere  it  has 
broken  across  irregularly.  On  the  south-westem  slope  of  Glamaig, 
as  sho^^^l  on  the  map  and  in  Fig.  39,  it  has  broken  across  by 
successive  steps  from  one  sill  to  another.  This  irregularity  of 
behaviour  was  doubtless  facilitated  by  the  destructive  action  which 
the  acid  magma  exercised  upon  the  basic  sills,  disintegrating  and 
partially  dissolving  their  substance.  Such  action  was  most 
efiective  when  the  acid  magma  had  access  to  both  the  upper  and 
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the  lower  surfaces  of  a  marscoite  sill,  and  so  a  sill,  once  enveloped 
by  the  granophyre,  soon  comes  to  an  end,  at  least  as  a  continuous 
body.  The  sill  of  Srdn  a'  Bhealain,  which  has  probably  been  com- 
pletely enveloped,  owes  its  preservation  to  its  exceptional  thickness. 
We  proceed  to  discuss  the  petrographical  characters  of  the  various 
associated  rock-types. 

The  marscoite  of  these  sill-formed  intrusions  is  in  all  essentials 
closely  comparable  with  that  which  forms  the  dyke-like  bodies  on 
Marsco.  It  is  on  the  whole  more  modified  in  the  sense  of  acidifi- 
cation, but  it  varies  in  this  respect  in  the  several  sheets  and  in 
difierent  parts  of  the  same  sheet.  There  are  abundant  phenocrysts 
of  labradorite,  usually  firesh  and  glassy-looking,  up  to  ^  inch  or 
more  in  length.  Very  abundant  also  are  the  rounded  quartz- 
grains,  always  with  a  border  of  imperfect  crystals  and  grains  of 
green  hornblende,  or  of  augite  in  process  of  transformation  to 
hornblende.  These  hornblende-crystals  often  project  for  a  short 
distance  into  the  quartz-grain,  proving  that  the  marginal  portion 
of  the  latter  is  of  new  formation.  The  rocks  also  enclose  occasional 
xenocrysts  of  orthoclase,  turbid  and  altered,  and  exceptionally 
groups  of  these,  with  some  quartz,  which  may  perhaps  be  regarded 
as  little  xenoliths  of  granite  in  an  advanced  stage  of  dissolution. 

In  the  ground-mass  the  relative  proportions  of  brownish-green 
hornblende  and  pale  augite  vary  considerably ;  but,  since  some  part 
of  the  hornblende  is  certainly  pseudomorphic  after  augite,  this 
difierence  is  perhaps  not  significant.  The  felspar,  in  little 
imperfect  prisms  or  in  irregular  crystal-grains,  is  mostly  of  a 
striated  variety  with  low  extinction-angles,  but  some  is  untwinned. 
Apparently  the  dominant  kind  is  near  oligoclase  or  oligoclase- 
andesine  in  composition,  but  orthoclase  sometimes  occurs  in 
addition.  There  is  a  variable  and  sometimes  considerable  amount 
of  interstitial  quartz.  Magnetite  and  little  needles  of  apatite  occur 
abundantly. 

The  marscoite,  as  stated,  shows  a  certain  range  of  composition ; 
and  this  is  most  easily  studied  in  the  thick  sheet  of  Srdn  a' 
Bhealain.  Two  specimens  from  the  upper  part  of  the  sheet  (as 
exposed)  gave  specific  gravities  2*80  and  2 '81,  and  two  from  the 
lower  part  2*73  and  274.  Comparison  of  thin  slices  [7546,  7547, 
7549]  shows  that  the  latter  rocks  are  decidedly  more  acid 
than  the  former,  being  richer  in  enclosed  quartz-grains  and  in 
interstitial  quartz.  It  appears  then  that,  although  the  derived 
acid  material  in  the  marscoite  cannot  be  ascribed,  at  least  in  the 
main,  to  the  contiguous  acid  rock,  this  sheet  does  grow  more  acid 
towards  its  junction  with  the  granophyre.  A  comparison  between 
the  marscoites  of  Marsco  and  those  of  the  neighbourhood  of 
Glamaig  is  suggestive  in  the  same  connection.  The  latter,  which 
are  much  more  intimately  invaded  by  the  granophyre,  are  also  as 
a  whole  decidedly  more  acid,  the  variety  which  prevails  in  the 
Marsco  occurrences  being  found  here  only  in  the  interior  of  the 
thick  sheet  of  Srdn  a'  Bhealain.  The  fact  that  even  in  this  case 
the  rock  contains  not  only  interstitial  quartz,  but  quartz-grains 
and  xenocrysts  of  acid  felspars,   shows,    nevertheless,    that   the 
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marscoite  had,  in  the  main,  acquired  its  peculiar  characters  prior 
to  its  intrusion. 

We  conclude  then  that  the  marscoite  as  intruded  represented 
an  originally  basic  magma  modified  by  the  inclusion  of  granitic 
material,  relics  of  which  still  remain  as  xenocrysts.  This  process, 
while  prior  to  the  intrusion,  was  probably  posterior  to  the  epoch 
of  the  labradorite  phenocrysts :  it  is  at  least  diflScult  to  conceive 
these  crystallising  from  the  partially  acidified  magma,  and  they 
never  enclose  any  of  the  derived  elements.  If  some  portion  of  the 
magma  had  been  intruded  prior  to  the  absorption  of  granitic 
material  which  converted  it  to  marscoite,  it  would  presumably 
have  given  rise  to  ordinary  basic  rocks  containing  phenocrysts  of 
labradorite.  It  is  not  improbable  that  such  intrusions  are  actually 
represented  in  the  neighbourhood.  On  the  moorland  near  the 
west  base  of  Glamaig  two  or  three  sills  occur  in  the  basalts,  coming 
down  to  the  high-road  about  ^  mile  N.E.  of  Sligachan  {see  Fig. 
39).  We  shall  see  later  that  the  innumerable  basic  sills  of  the 
plateau  country,  which  are  of  later  age  than  the  plutonic  intrusions, 
never  approach  so  near  to  the  granite,  and  we  are  thus  led  to 
separate  these  Sligachan  sills  from  the  great  group  and  to  refer 
them  to  an  earlier  epoch.  They  are  also  separated  petrographically 
from  the  plateau  sills  by  the  occurrence  in  them  of  abundant  large 
phenocrysts  of  labradorite,  like  those  in  the  marscoite.  They  are 
thoroughly  basic  rocks,  with  a  considerable  amoimt  of  olivine 
represented  by  pseudomorphs.  Being  found  in  such  close 
proximity  to  the  marscoite  sheets  of  Glamaig,  and  unknown  else- 
where, these  porphyritic  sills  may  not  improbably  represent  an 
early  intrusion  of  that  basic  magma  which  was  subsequently 
converted  to  marscoite  by  taking  up  acid  material. 

Another  point  worthy  of  notice  is  the  possible  significance  of  the 
large  cr}^stal3  of  labradorite  in  the  marscoite.  At  one  place  on 
Marsco  we  remarked  an  unusually  intimate  association  of  gabbro 
and  marscoite,  with  no  sharp  division  between  them,  and  we 
pointed  out  in  that  connection  the  resemblance  between  the 
labradorite  crystals  in  the  two  rocks  which  there  graduate  into 
one  another.  Gabbro  is  not  represented  by  distinct  intrusions 
among  the  rocks  of  Glamaig ;  but  in  one  place  it  is  found  in  the 
form  of  irregular  patches  enveloped  in  the  marscoite.  This 
occiuTcnce  is  in  the  bed  of  AUt  Daraich,  and  the  relations  at  this 
place  are  shown  in  Fig.  40.  The  locality  is  at  a  considerable 
distance  from  the  main  area  of  gabbro  ;  but  it  is  noteworthy,  and 
perhaps  significant,  that  a  small  patch  of  that  rock  is  intruded 
among  the  lavas  to  the  west  of  Glamaig  in  actual  contact  with 
the  largest  of  the  porphyritic  basalt  sills  mentioned  in  the  preced- 
ing paragi'aph.  The  gabbro  enclosed  in  the  marscoite  of  Allt 
Daraich  is  seen  at  a  point  about  150  yards  below  the  infall  of 
Allt  Bealach  na  Sgairde.  The  largest  patch,  in  so  far  as  it  is 
exposed,  is  about  20  feet  across  and  of  very  irregular  outline.  It 
is  intimately  penetrated  by  tongues  and  veins  of  the  surrounding 
marscoite,  and  there  are  detached  portions  of  gabbro  in  the  latter, 
one  large  enough  to  be  shown  in  the  accompanying  ground-plan. 
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Two  small  patches  of  gabbro  lower  down  in  the  stream  have 
probably  also  been  enclosed  in  the  marscoite,  though  they  are  now 
surrounded  by  dark  basified  granophyre  of  the  spotted  or  xenolithic 
kind.  The  gabbro  contains  no  quartz,  and  is  of  quite  normal 
characters,  though,  like  the  Marsco  gabbros,  somewhat  richer  in 
apatite  than  is  usual  in  rocks  of  this  family  in  Skye.  The  point 
to  which  we  would  direct  special  attention  is  that  in  the  marscoite 
surrounding  the  gabbro  patches  the  labradorite  phenocrysts  show  a 
tendency  to  aggregate  in  clusters.  So  marked  is  this  tendency  in 
places  that,  on  the  smooth  channel  of  the  bum,  little  areas,  a  few 
inches  across,  crowded  with  crystals,  appear  sharply  defined  against 
the  neighbouring  rock,  which  contains  the  crystals  only  sparingly. 
It  is  impossible  on  the  ground  to  draw  any  absolute  distinction 
between  these  portions  rich  in  crystals  of  labradorite  and 
undoubted  xenoliths  detached  from  the  neighbouring  large  patch 
of  gabbro;  and  the  conclusion  seems  to  be  forced  upon  us 
that  the  labradorite  crystals  in  the  marscoite  are  derived  from  the 
gabbro. 

If  this  last  conclusion  is  to  be  applied  to  the  marscoites  of  Marsco 


Fig.  40.— Ground-plan  of  part  of  AUt  Daraich,  near  Sligachan. 

Gr.  Coarse  granophyre  or  granophyric  granite  of  normal  type. 

M.  Marscoite. 

X.  Xenolithic  (**  spotted  ")  granophyre. 

G.  Gabbro,  enclosed  patches. 

B.  Amygdaloidal  basalt  (lava). 

and  Glamaig  as  a  whole,  it  is  not,  however,  to  be  supposed  that  the 
labradorite  crystals  in  these  rocks  have  in  general  come  from  the 
disintegration  of  solid  gabbro.  Rather  should  we  suppose  that, 
after  the  intrusion  of  the  gabbros  of  the  Cuillins,  crystallisation 
began  under  intratelluric  conditions  in  an  unexhausted  portion  of 
the  gabbro-magma,  and  labradorite  was  formed,  a  subsequent 
modification  of  the  residual  magma  due  to  the  addition  of  granitic 
material  giving  rise  to  the  marscoite.  If  in  places  intratelluric 
crystallisation  had  already  proceeded  so  far  as  to  form  actual 
gabbro,  clots  or  patches  of  this  might  be  caught  up  in  the 
marscoite  and  so  intruded  with  it ;  but  this  seems  to  have  been 
exceptional. 

We  have  still  to  describe  the  modification  in  the  granophyre  of 
Glamaig  due  to  the  inclusion  of  marscoite  xenoliths  in  the  magma. 
Everywhere  in  the  vicinity  of  the  marscoite  sills  efiects  of  this  kind 
are  shown  in  various  stages  in  the  acid  rocks.  The  only  exception 
is  presented  by  certain  pegmatite  veins  and  strings  which  traverse 
the  lower  portion  of  the  Srrtn  a'  Bhealain  sheet.     These,  like  the 
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the  new  minerals  include  alkali-felspars  and  quartz.  The  xenoliths 
are  in  fact  pseudomorphed  by  a  relatively  basic  granophyre,  and 
there  must  have  been  both  addition  and  subtraction  of  material. 

The  only  original  mineral  of  the  gabbro  which  has  possibly 
survived  is  the  apatite,  with  perhaps  some  part  of  the  iron-ore. 
Apatite  is  constantly  found  in  the  rocks,  and  sometimes  rather 
abundantly ;  but  to  what  extent  it  is  derived  from  destroyed  gabbro 
it  is  not  easy  to  decide.  In  some  part,  however,  the  apatite  in 
these  rocks  must  have  belonged  to  the  gabbro.  One  specimen  sliced 
[7554]  shows  dark  patches  about  ^  inch  in  diameter  enclosed, 
without  a  very  sharp  boundary,  in  rock  with  the  characters  of  a 
normal  granite.  These  patches  are  not  only  much  richer  in  horn- 
blende, relatively  to  felspars  and  quartz,  than  the  matrix,  but 
contain  also  abundant  apatite  and  magnetite,  which  are  wanting 
outside  the  patches. 

As  regards  the  ferro-magnesian  minerals,  it  is  very  noticeable 
that  augite,  which  is  usually  well  represented  and  often  pre- 
dominant among  the  normal  granophyres  of  the  district,  is  here 
subordinate  or  entirely  absent.  Green  hornblende  is  constantly 
the  dominant  mineral  of  this  group,  both  within  the  altered  xeno- 
liths and  in  the  interspaces  between  them,  and  it  is  sometimes 
accompanied  by  brown  biotite  (Plate  XX.,  Fig.  3).  Much  of  the 
hornblende  is  idiomorphic,  though  without  good  crystal-forms, 
and  it  has  clearly  crystallised  as  such  from  fusion.  In  addition 
there  may  be  patchy  aggregates  of  hornblende,  and  perhaps  biotite, 
with  finely  granular  magnetite,  which  seem  to  replace  augite 
[8694] ;  and  indeed  the  gradual  conversion  of  augite  to  green 
hornblende  with  magnetite  granules  can  sometimes  be  observed  in 
various  stages  [7553].  The  hornblende  thus  arises  in  two  distinct 
ways,  and  the  same  is  true  of  the  magnetite.  Indeed  this  latter 
mineral  is  perhaps  of  three  kinds,  for  in  addition  to  little  octaliedra 
evidently  crystallised  from  the  basified  granophyre  magma  and 
clusters  of  granules  formed  at  the  expense  of  augite,  there  are 
sometimes  larger  irregular  grains  which  may  be  derived  almost 
intact  from  the  gabbro. 

Both  plagioclase  and  orthoclase  are  always  present,  but  the 
former  predominates,  at  least  in  those  rocks  which  are  much 
modified  from  the  normal  granophyre  type.  It  is  oligoclase  ;  but 
occasionally  there  are  also  a  few  crystals  which  give  higher 
extinction-angles,  and  seem  to  be  andesine.  Quartz  is  always 
well  represented,  though  usually  in  notably  less  amount  than  in 
the  normal  granophyres.  It  builds  irregular  grains  or  enters  into 
micrographic  intergrowths,  the  structure  of  the  rocks  (granitoid  or 
more  commonly  granophyric)  presenting  in  this  respect  no 
peculiarity. 

It  is  interesting  to  enquire  what  proportion  of  gabbro  substance 
has  actually  been  taken  up  by  the  acid  magma.  The  crowded 
dark  patches  seen  in  some  of  the  rocks  give,  no  doubt,  an 
exaggerated  impression  of  the  amount  of  foreign  material  present, 
for  these  patches  have  not  the  composition  of  gabbro.  They  have 
been    permeated    by  the  acid  magma,   and  the   basic  material 
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abstracted  from  them  may  have  been  diffused  through  a  consider- 
ably larger  volume  than  that  of  the  visibly  xenolithic  rock.  A 
specimen  [8694]  from  the  south-east  ridge  of  Marsco  was  examined 
by  Dr  Pollard,  who  found  it  to  contain  64*72  per  cent,  of  silica 
and  2*98  per  cent,  of  lime.  This  was  an  average  example  of  the 
dark  basified  granophyres.  We  may  compare  it  with  a  mixture  of 
23*5  per  cent  of  gabbro  and  76*5  of  granophyre,  taking  the  figures 
for  these  from  analyses  already  given : — 

Silica.  Lime.       Sp.  grav. 

Gabbro   ...        -  4639  15-29  285 

Granophyre     -  •      -        -  7034  1*24  2*66 

Calculated  mixture  -        -  6471  4*54  270 

Dark  granophyre  (found)  -  6472  2*98  273 

The  discrepancy  here  as  regards  lime  can  scarcely  be  accounted  for 
by  the  variable  composition  of  the  gabbro  and  granophyre  of  the 
district,  and  we  must  suppose  that  the  different  constituents  (such 
as  silica  and  lime)  diffuse  through  the  magma  in  different  degrees. 
We  may,  however,  conclude  that  the  acid  magma  has  in  some 
places  taken  up  something  like  one-third  of  its  mass  of  material 
derived  from  the  gabbro.  Some  of  these  dark  basified  granophyres, 
indeed,  cannot  be  much  less  basic  than  the  extreme  results  of 
acidification  in  those  rocks  which  are,  from  the  point  of  view  of 
their  geological  relations,  included  above  as  acidified  gabbros. 

A  remark  should  be  made  concerning  the  drusy  structure  of  the 
modified  granophyres  of  Marsco.  This  stinicture,  of  very  general 
occurrence  in  most  parts  of  the  Red  Hills,  is  especially  well  dis- 
played on  Marsco ;  and  in  those  granophyres  which  enclose  evident 
xenoliths,  or  preser\'e  the  outlines  of  destroyed  xenoliths,  the 
druses  often  seem  to  stand  in  relation  to  the  xenoliths.  It  may  be 
supposed  that  the  druses  in  this  case  have  been  rather  of  the  nature 
of  gas- and  steam- cavities,  and  that  the  solid  or  quasi-solid  frag- 
ments distributed  through  the  magma  have  served  as  starting- 
points  for  the  growth  of  bubbles.  The  association  of  druses  of 
various  kinds,  usually  of  small  size,  with  xenoliths  is  a  very  general 
phenomenon,  as  appears  clearly  in  the  literature  of  the  subject. 

Before  leaving  the  acid  rocks  of  Marsco,  it  should  be  remarked 
that  in  several  places  pegmatoid  veins  and  streaks  traverse  the 
gabbro  or  the  marscoite  for  a  short  distance  from  the  junction  with 
the  granophyre.  These  are  well  seen  in  the  gabbro  about  750  or 
800  yards  east  of  the  summit,  and  again  at  the  base  of  the 
gabbro-sheet  in  a  little  ravine  running  down  towards  Coire  nan 
Bruadaran.  At  both  these  places  large  crystals  of  bronzy-looking 
mica  are  conspicuous.  Pegmatite-veins  with  a  marked  gneissic 
banding  intersect  the  gabbro  of  the  gully  on  the  north-west  slope. 
All  these  rocks  are  of  very  coarse  texture,  the  individual  crystals  of 
quartz,  orthoclase,  and  oligoclase,  which  make  up  the  bulk  of  the 
veins,  ranging  up  to  an  inch  in  diameter,  and  the  flakes  of  brown 
mica  being  sometimes  nearly  as  large.  Lustrous  black  crystals  of 
hornblende,  brown  and  strongly  pleochroic  in  a  thin  slice,  are  of 
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smaller  dimensions,  and  have  good  crystal  -  forms,  with  the 
customary  habit.  A  few  prisms  of  apatite  are  also  present  [8052]. 
There  is  little  or  no  approach  to  graphic  intergrowth  in  these 
pegmatite  veins.  Another  feature  is  that  they  do  not,  like  the 
granophyre  itself,  take  up  any  appreciable  amount  of  extraneous 
material. 

Lastly  we  have  to  notice  the  charactera  of  the  peculiar  rock 
which  we  have  for  convenience  named  marscoiie.  We  have  seen 
that  it  holds  an  intermediate  place,  as  regards  epoch  of  intrusion 
as  well  as  in  actual  situation,  between  the  gabbro  and  the  granite. 
It  is  intermediate  between  them  also  to  some  extent  in  composition, 
but  no  analysis  has  been  made  of  it. 

The  usual  type  is  a  dark  finely  crystalline  rock,  enclosing  glassy- 
looking  crystals  of  finely  striated  felspar,  i  to  ^  inch  long.  Small 
grains  of  quartz  are  visible  in  places.  There  also  occur,  more 
sparingly  and  less  uniformly  distributed,  dull  white  xenocrysts  of 
felspar,  contrasting  with  the  fresh  phenocrysts,  and  exceptionally 
little  aggregates  of  felspar  crystals  and  quartz  which  may  be 
regarded  as  partially  digested  xenoliths.  An  average  specimen  of 
the  rock  gave  the  specific  gravity  2*82.  In  a  slice  [7858]  the 
felspar  phenocrysts  are  quite  clear.  They  have  a  markedly  tabular 
habit  parallel  to  th^  brachypinacoid,  with  a  breadth  of  sometimes 
less  than  t^  inch,  and  there  is  a  certain  degree  of  rounding  of  the 
angles.  These  crystals  are  of  medium  labradorite  (extinction-angle 
88°),  with  Carlsbad,  albite,  and  pericline  twinning.  The  quartz- 
grains,  which  occur  plentifully,  are  about  -^  inch  in  diameter. 
They  show  in  various  stages  the  rounding  and  corrosion  and  the 
border  of  granular  augite,  or  usually  hornblende,  which  indicate 
their  extraneous  origin.  The  derived  felspars,  partly  orthoclase, 
are  also  somewhat  corroded  and  otherwise  altered  by  the  basic 
magma  in  which  they  have  been  enveloped. 

The  general  mass  of  the  rock  consists  chiefly  of  greenish  brown 
hornblende  and  felspar.  The  hornblende  is  partly  in  crystal-gi*ains, 
partly  in  elongated  narrow  prisms  enclosing  granular  magnetite. 
In  the  latter  form  it  seems  to  be  derived  from  augite,  some  of 
which  mineral  still  remains,  and  the  process  of  conversion  is  seen 
in  some  places  in  the  slice  (PI.  XXI.,  Fig  2).  Besides  the  finely 
granular  magnetite,  there  are  little  octahedra,  doubtless  crystallised 
from  fusion.  The  felspar  is  partly  in  little  striated  prisms,  partly 
in  rather  shapeless  grains,  some  untwinned.  Oligoclase  is 
certainly  present,  in  addition  to  a  more  basic  plagioclase,  and  some 
of  the  grains  may  be  of  orthoclase.  Further  there  is  a  certain  amount 
of  quartz  in  clear  interstitial  grains.  A  striking  feature  of  the 
rock  is  the  immense  number  of  minute  needles  of  apatite  which  it 
contains. 

It  appears  from  this  description  that  the  marscoite  represents  a 
basic  magma  which  has  taken  up  granitic  material,  and,  by  the 
partial  absorption  of  this,  become  in  some  measure  acidified.  The 
quartz  and  acid  felspars  have  not  been  derived  directly  from  the 
contiguous  acid  rocks,  or  at  least  this  cannot  be  the  general  explana- 
tion of  their  presence ;  but  it  is  none  the  less  noticeable  in  some 
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occurrences  that  these  quasi-foreign  elements  become  more  abun- 
dant on  the  side  neighbouring  the  acid  rock.  A  like  peculiarity 
will  be  observed  below  in  the  marscoite  of  the  Glamaig  neighbour- 
hood. The  section  in  the  deep  gully  (Fig.  35)  exemplifies  this  fact. 
A  specimen  from  this  place,  but  taken  towards  the  gabbro,  shows  on 
the  other  hand  the  transition  from  marscoite  to  gabbro  which  we 
have  already  pointed  out.  It  is  notably  denser  than  the  ordinary 
marscoite,  having  a  specific  gravity  2"94  A  slice  [7859]  shows 
that  quartz-grains  occur  more  sparingly  than  before,  and  are  more 
corroded,  having  always  a  relatively  broad  border  composed  of 
augite-grains  with  some  hornblende.  Of  the  two  coloured  silicates 
the  pale  yellowish  brown  augite  is  in  this  slice  the  dominant  one, 
though  the  greenish-brown  hornblende  also  occurs.  They  build 
larger  crystal-grains  than  before,  and  the  same  is  true  of  the 
felspar,  which  shows  albite  and  carlsbad,  and  rarely  pericline, 
twinning.  From  its  extinction-angles  it  seems  to  be  an  acid 
labradorite  or  andeaine-labradorite.  Interstitial  grains  of  quartz 
are  still  found,  though  in  somewhat  less  amount  than  before.  In 
other  respects,  including  the  great  profusion  of  fine  apatite -needles, 
this  slide  resembles  the  other.  The  close  resemblance  between  the 
labradorite  phenocr}'sts  in  the  marscoite  and  the  crystals  of  the 
same  mineral  in  the  gabbro  suggests  a  like  origin  for  both; 
but  further  light  is  thrown  upon  this  question  by  the  phenomena, 
which  we  next  proceed  to  describe,  in  the  neighbourhood  of 
Glamaig. 

The  peculiar  rocks  now  to  be  discussed  are  exposed  on  Qlamaig 
itself ;  in  the  burn,  named  AUt  Daraich,  to  the  south-west,  which 
drains  Coire  na  Sgairde;  and  at  the  termination  of  the  ridge 
Druim  na  Ruaige  on  the  opposite  side  of  the  corrie.  This  ridge  is 
a  spur  from  Beinn  Dearg  Mheadhonach,  and  consists  of  the 
ordinary  granite,  often  granophyric,  which  forms  so  much  of  the 
Red  Hills.  At  its  northern  end,  however,  the  smooth  flowing 
outline  of  the  ridge  is  broken  by  a  wart-like  excrescence  named 
Srdn  a'  Bhealain,  which  is  a  prominent  object  in  the  view  from 
Sligachan.  The  prominence  is  caused  by  a  sheet-like  mass  of 
marscoite,  200  to  250  feet  thick,  with  a  northerly  dip  of  about  20^ 
which  covers  the  northern  face  of  the  ridge  and  rises  into  a  knoll 
nearly  1500  feet  above  sea-level  (Fig.  37).  The  base  of  the  sheet 
is  invaded  by  the  underlying  coarse  granophyre,  which  sends  little 
tongues  obliquely  into  the  marscoite ;  and  the  sheet  itself  is  seen  to 
be  two-fold,  with  a  parting  along  which  the  acid  magma  has  found 
access.  Both  in  this  partmg  and  below  the  base  of  the  sheet  the 
acid  rock  is  crowded  with  partially  digested  xenoliths  of  the 
marscoite,  usually  from  half  an  inch  to  two  or  three  inches  in 
diameter  and  of  ovoid  shape.  These  dark  spots  in  a  lighter 
matrix  give  the  rock  a  very  striking  appearance,  and  we  shall 
speak  of  it  for  convenience  as  the  "  spotted  granophyre "  {see 
Fig.  41,  below).  In  places  the  little  dark  patches  become  merged 
in  their  matrix,  so  that  their  outlines  are  almost  or  quite  obliterated, 
and   we   have   merely  a   very  dark  partly  basified  granophyre. 
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representing  the  admixture  of  marscoite  with  the   normal  acid 
rock. 

Farther  north,  in  the  bed  of  Allt  Daraich,  we  find  some  relics  of 
marscoite  and  a  considerable  quantity  of  the  spotted  and  dark 
granophyres,  the  whole  probably  representing  the  prolongation  of 
the  Srdn  a'  Bhealain  sheet  (see  Fig.  38).  Coming  to  Glamaig 
itself,  we  cross  two  sheets  of  marscoite  on  the  ascent  from  Bealach 
na  Sgairde  to  the  summit.  Each  of  these  in  turn  for  some 
distance  separates  the  granophyre  of  the  lower  part  of  Marsco 
from  the  overlying  basaltic  lavas,  the  boundary  between  grano- 
phyre and  basalt  ascending  by  steps,  each  of  which  corresponds 
with  a  sheet  of  marscoite.  These  sheets,  however,  continue  as  sills 
in  the  basalt,  and  may  also  be  traced  for  some  distance  in  the 
granophyre,  by  which  they  have  been  attacked  and  corroded. 
These  relations  are  illustrated  in  Figures  38  and  39.  Another 
sheet  of  marscoite  is  seen  for  300  or  400  yards  on  the  west  slope  of 
the  hill,  in  this  case  at  the  lower  boundary  of  the  granophyre 
against  the  basalts.  In  all  cases  the  granophyre  near  its  junction 
with  the  marscoite  has  taken  up  abundant  d6bris  of  that  rock,  and 


Fio.  37. — Outlines  of  Glamaig  and  Beinn  Dearg,  seen  from  the  road  a  mile 
north  of  Sligachan.  The  broken  north  face  of  Glamaig,  on  the  extreme 
left,  consists  largely  of  metamorphosed  basaltic  lavas.  Beinn  Dearg 
illustrates  the  characteristic  rounded  outlines  of  the  granite  hills  ;  while, 
in  strong  contrast  with  this,  the  abrupt  knoll  of  Sron  a'  Bhealain  is 
seen  towards  the  right  of  the  sketch. 

when  a  sheet  of  marscoite  comes  to  an  end  in  the  granophyre,  its 
course  can  still  be  traced  for  some  distance  by  a  band  of  xenolithic 
and  basified  rocks. 

The  interpretation  of  these  relations  is,  to  a  certain  point, 
sufficiently  evident.  The  marscoite,  apart  from  subsequent  modi- 
fications due  to  the  acid  magma,  represents  a  distinct  rock,  which 
was  intruded  in  the  form  of  sills  at  several  horizons  in  the  basaltic 
lavas.  An  invasion  of  acid  magma,  of  much  greater  volume,  has 
followed,  and  this  has  at  first  found  its  easiest  channel  along  the 
surfaces  of  the  sills  of  marscoite.  Where  guided  by  these,  it  has 
often  kept  for  some  distance  to  one  horizon,  but  elsewhere  it  has 
broken  across  irregularly.  On  the  south-western  slope  of  Glamaig, 
as  shown  on  the  map  and  in  Fig.  39,  it  has  broken  across  by 
successive  steps  from  one  sill  to  another.  This  irregularity  of 
behaviour  was  doubtless  facilitated  by  the  destructive  action  which 
the  acid  magma  exercised  upon  the  basic  sills,  disintegrating  and 
partially  dissolving  their  substance.  Such  action  was  most 
efiective  when  the  acid  magma  had  access  to  both  the  upper  and 
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the  lower  surfaces  of  a  marscoite  sill,  and  so  a  sill,  once  enveloped 
by  the  granophyre,  soon  comes  to  an  end,  at  least  as  a  continnons 
body.  The  sill  of  Srdn  a'  Bhealain,  which  has  probably  been  com- 
pletely enveloped,  owes  its  preservation  to  its  exceptional  thickness. 
We  proceed  to  discuss  the  petrographical  characters  of  the  various 
associated  rock-types. 

The  marscoite  of  these  sill-formed  intrusions  is  in  all  essentials 
closely  comparable  with  that  which  forms  the  dyke-like  bodies  on 
Marsco.  It  is  on  the  whole  more  modified  in  the  sense  of  acidifi- 
cation, but  it  varies  in  this  respect  in  the  several  sheets  and  in 
different  parts  of  the  same  sheet.  There  are  abundant  phenocrysts 
of  labradorite,  usually  fresh  and  glassy-looking,  up  to  ^  inch  or 
more  in  length.  Very  abundant  also  are  the  rounded  quartz- 
grains,  always  with  a  border  of  imperfect  crystals  and  grains  of 
green  hornblende,  or  of  augite  in  process  of  transformation  to 
hornblende.  These  hornblende-crystals  often  project  for  a  short 
distance  into  the  quartz-grain,  proving  that  the  marginal  portion 
of  the  latter  is  of  new  formation.  The  rocks  also  enclose  occasional 
xenocrysts  of  orthoclase,  turbid  and  altered,  and  exceptionally 
groups  of  these,  with  some  quartz,  which  may  perhaps  be  regarded 
as  little  xenoliths  of  granite  in  an  advanced  stage  of  dissolution. 

In  the  ground-mass  the  relative  proportions  of  brownish-green 
hornblende  and  pale  augite  vary  considerably ;  but,  since  some  part 
of  the  hornblende  is  certainly  pseudomorphic  after  augite,  this 
difference  is  perhaps  not  significant.  The  felspar,  in  little 
imperfect  prisms  or  in  irregular  crystal-grains,  is  mostly  of  a 
striated  variety  with  low  extinction-angles,  but  some  is  untwinned. 
A^pparently  the  dominant  kind  is  near  oligoclase  or  oligoclase- 
andesine  in  composition,  but  orthoclase  sometimes  occurs  in 
addition.  There  is  a  variable  and  sometimes  considerable  amount 
of  interstitial  quartz.  Magnetite  and  little  needles  of  apatite  occur 
abundantly. 

The  marscoite,  as  stated,  shows  a  certain  range  of  composition ; 
and  this  is  most  easily  studied  in  the  thick  sheet  of  Srdn  a' 
Bhealain.  Two  specimens  from  the  upper  part  of  the  sheet  (as 
exposed)  gave  specific  gravities  2*80  and  2*81,  and  two  from  the 
lower  part  273  and  274.  Comparison  of  thin  slices  [7546,  7547, 
7549]  shows  that  the  latter  rocks  are  decidedly  more  acid 
than  the  former,  being  richer  in  enclosed  quartz-grains  and  in 
interstitial  quartz.  It  appears  then  that,  although  the  derived 
acid  material  in  the  marscoite  cannot  be  ascribed,  at  least  in  the 
main,  to  the  contiguous  acid  rock,  this  sheet  does  grow  more  acid 
towards  its  junction  with  the  granophyre.  A  comparison  between 
the  marscoites  of  Marsco  and  those  of  the  neighbourhood  of 
Glamaig  is  suggestive  in  the  same  connection.  The  latter,  which 
are  much  more  intimately  invaded  by  the  granophyre,  are  also  as 
a  whole  decidedly  more  acid,  the  variety  which  prevails  in  the 
Marsco  occurrences  being  found  here  oiUy  in  the  interior  of  the 
thick  sheet  of  Srdn  a'  Bhealain.  The  fact  that  even  in  this  case 
the  rock  contains  not  only  interstitial  quartz,  but  quartz-grains 
and  xenocrysts  of  acid  felspars,   shows,    nevertheless,    that   the 
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marscoite  had,  in  the  main,  acquired  its  peculiar  characters  prior 
to  its  intrusion. 

We  conclude  then  that  the  marscoite  as  intruded  represented 
an  originally  basic  magma  modified  by  the  inclusion  of  granitic 
material,  relics  of  which  still  remain  as  xenocrysts.  This  process, 
while  prior  to  the  intrusion,  was  probably  posterior  to  the  epoch 
of  the  labradorite  phenocrysts :  it  is  at  least  difficult  to  conceive 
these  crystallising  from  the  partially  acidified  magma,  and  they 
never  enclose  any  of  the  derived  elements.  If  some  portion  of  the 
magma  had  been  intruded  prior  to  the  absorption  of  granitic 
material  which  converted  it  to  marscoite,  it  would  presumably 
have  given  rise  to  ordinary  basic  rocks  containing  phenocrysts  of 
labradorite.  It  is  not  improbable  that  such  intrusions  are  actually 
represented  in  the  neighbourhood.  On  the  moorland  near  the 
west  base  of  Glamaig  two  or  three  sills  occur  in  the  basalts,  coming 
down  to  the  high-road  about  ^  mile  N.E.  of  Sligachan  (see  Pig. 
89).  We  shall  see  later  that  the  innumerable  basic  sills  of  the 
plateau  country,  which  are  of  later  age  than  the  plutonic  intrusions, 
never  approach  so  near  to  the  granite,  and  we  are  thus  led  to 
separate  these  Sligachan  sills  from  the  great  group  and  to  refer 
them  to  an  earlier  epoch.  They  are  also  separated  petrographically 
from  the  plateau  sills  by  the  occurrence  in  them  of  abundant  large 
phenocrysts  of  labradorite,  like  those  in  the  marscoite.  They  are 
thoroughly  basic  rocks,  with  a  considerable  amount  of  olivine 
represented  by  pseudomorphs.  Being  found  in  such  close 
proximity  to  the  marscoite  sheets  of  Glamaig,  and  unknown  else- 
where, these  porphyritic  sills  may  not  improbably  represent  an 
early  intrusion  of  that  basic  magma  which  was  subsequently 
converted  to  marscoite  by  taking  up  acid  material. 

Another  point  worthy  of  notice  is  the  possible  significance  of  the 
large  crystals  of  labradorite  in  the  marscoite.  At  one  place  on 
Marsco  we  remarked  an  unusually  intimate  association  of  gabbro 
and  marscoite,  with  no  sharp  division  between  them,  and  we 
pointed  out  in  that  connection  the  resemblance  between  the 
labradorite  crystals  in  the  two  rocks  which  there  graduate  into 
one  another.  Gabbro  is  not  represented  by  distinct  intrasions 
among  the  rocks  of  Glamaig ;  but  in  one  place  it  is  found  in  the 
form  of  irregular  patches  enveloped  in  the  marscoite.  This 
occurrence  is  in  the  bed  of  Allt  Daraich,  and  the  relations  at  this 
place  are  shown  in  Fig.  40.  The  locality  is  at  a  considerable 
distance  from  the  main  area  of  gabbro  ;  but  it  is  noteworthy,  and 
perhaps  significant,  that  a  small  patch  of  that  rock  is  intruded 
among  the  lavas  to  the  west  of  Glamaig  in  actual  contact  with 
the  largest  of  the  porphyritic  basalt  sills  mentioned  in  the  preced- 
ing paragraph.  The  gabbro  enclosed  in  the  marscoite  of  Allt 
Daraich  is  seen  at  a  point  about  150  yards  below  the  infall  of 
Allt  Bealach  na  Sgairde.  The  largest  patch,  in  so  far  as  it  is 
exposed,  is  about  20  feet  across  and  of  very  irregular  outline.  It 
is  intimately  penetrated  by  tongues  and  veins  of  the  surrounding 
marscoite,  and  there  are  detached  portions  of  gabbro  in  the  latter, 
one  large  enough  to  be  shown  in  the  accompanying  ground-plan. 
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Two  small  patches  of  gabbro  lower  down  in  the  stream  have 
probably  also  been  enclosed  in  the  marscoite,  though  they  are  now 
surrounded  by  dark  basified  granophyre  of  the  spotted  or  xenolithic 
kind.  The  gabbro  contains  no  quartz,  and  is  of  quite  normal 
characters,  though,  like  the  Marsco  gabbros,  somewhat  richer  in 
apatite  than  is  usual  in  rocks  of  this  family  in  Skye.  The  point 
to  which  we  would  direct  special  attention  is  that  in  the  marscoite 
surrounding  the  gabbro  patches  the  labradorite  phenocrysts  show  a 
tendency  to  aggregate  in  clusters.  So  marked  is  this  tendency  in 
places  that,  on  the  smooth  channel  of  the  bum,  little  areas,  a  few 
inches  across,  crowded  with  crystals,  appear  sharply  defined  against 
the  neighbouring  rock,  which  contains  the  crystals  only  sparingly. 
It  is  impossible  on  the  ground  to  draw  any  absolute  distinction 
between  these  portions  rich  in  crystals  of  labradorite  and 
undoubted  xenoliths  detached  from  the  neighbouring  large  patch 
of  gabbro;  and  the  conclusion  seems  to  be  forced  upon  us 
that  the  labradorite  crystals  in  the  marscoite  are  derived  from  the 
gabbro. 

If  this  last  conclusion  is  to  be  applied  to  the  marscoites  of  Marsco 
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Fig.  40. — Ground-plan  of  part  of  Allt  Daraich,  near  Sligachan. 

Or.  Coarse  granophyre  or  granophyric  granite  of  normal  type. 

]^I.  Marscoite. 

X.  Xenolithic  (**  spotted  ")  granophyre. 

G.  Gabbro,  enclosed  patches. 

B.  Amygdaloidal  basalt  (lava). 

and  Glamaig  as  a  whole,  it  is  not,  however,  to  be  supposed  that  the 
labradorite  crystals  in  these  rocks  have  in  general  come  from  the 
disintegration  of  solid  gabbro.  Rather  should  we  suppose  that, 
after  the  intrusion  of  the  gabbros  of  the  Cuillins,  crystallisation 
began  under  intratelluric  conditions  in  an  unexhausted  portion  of 
the  gabbro-magma,  and  labradorite  was  formed,  a  subsequent 
modification  of  the  residual  magma  due  to  the  addition  of  granitic 
material  giving  rise  to  the  marscoite.  If  in  places  intratelluric 
crystallisation  had  already  proceeded  so  far  as  to  form  actual 
gabbro,  clots  or  patches  of  this  might  be  caught  up  in  the 
marscoite  and  so  intruded  with  it ;  but  this  seems  to  have  been 
exceptional. 

We  have  still  to  describe  the  modification  in  the  granophyre  of 
Glamaig  due  to  the  inclusion  of  marscoite  xenoliths  in  the  magma. 
Everywhere  in  the  vicinity  of  the  marscoite  sills  efiects  of  this  kind 
are  shown  in  various  stages  in  the  acid  rocks.  The  only  exception 
is  presented  by  certain  pegmatite  veins  and  strings  which  traverse 
the  lower  portion  of  the  Srto  a'  Bhealain  sheet.     These,  like  the 
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similar  occurrences  on  "Mareco  show  occasionally  a  banded  or 
gneissic  atructare  They  are  very  coarse-grained  consisting  essen- 
tially of  crystals  of  orthoclase  eometimea  two  or  three  inches  long, 
enclosing  quarts  crystals  up  to  J  inch  in  diameter  There  la  no 
graphic  structure  on  a  large  scale  but  a  thjn  slice  shows  a  delicate 
micropegmatite  fringe  surrounding  each  crystal  of  quartz  the 
quart/  and  felspar  of  this  fringe  being  continuous  with  the 
adjacent  crystals  of  those  minerals  respectively  These  veins  have 
never  taken  up  basic  material 

The  granopki/res  with  partioily  dtqested  xffitohtJis  of  maracoite  are 
well  seen  beneath  the  sheet  of  the  latter  rock  on  Srdn  a  Bhealain, 
and  occupy  a  considerible  area  on  the  south  western  slopes  of 
Qlamaig,  but  they  are  perhaps  most  easilj  studied  in  the  little 
patches  exposed  in  the  bed  of  Allt  Daraich  some  200  yards  below 
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Pic.  41. — Granophyrc  cniwded  mtli  sen  liths  of  iiinrscoit«  and  the  dtbris  of 
tlie.ie,  including  rtlenied  crj  tals  of  labradonte  speiinien  drawn  of  the 
imtuml  Hi/i,     from  ^llt  I>ir»ich   near  Slignchin 

the  infall  of  Allt  Bealach  na  Sgiirde,  There,  with  progressive 
destniction  of  the  enclosed  d6bris,  every  stage  is  exhibited  down  to 
a  dark,  almost  homogeneous  basified  granophjTe  in  which  the 
outlines  of  the  xenolitha  are  lost. 

The  most  usual  type  is  a  rock  presenting  crowded  dark  patches 
or  spots,  of  ovoid  shape  and  usually  less  than  an  inch  in  diameter, 
in  a  lighter  grey  matrix  (Fig.  41).  The  phenocryats  of  labradorite 
seem  to  have  resisted  the  caustic  action  of  the  acid  magma  more 
successfully  than  the  rest  of  the  marscoite,  for  they  are  sometimes 
seen,  with  angles  but  little  rounded,  projecting  from  the  dark  spots 
into  the  surrounding  matrix.  Occasionally  they  are  found  quite 
detached:  and  this  also  happens,  though  it  is  less  easily  veri6ed  in 
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hand-specimens,  with  the  corroded  quartz-grains  and  sporadic  xeno- 
crysts  of  turbid  alkali-felspar.  These  minerals,  which  were  xenocrysts 
in  the  basic  rock,  thus  became  what  may  be  styled  xenocrysts 
of  the  second  order,  ie.  twice  derived,  in  the  granophyre. 
An  average  specimen  of  the  spotted  rock  gave  the  specific  gravity 
2*76,  while  a  part  of  one  of  the  dark  spots,  separated  from  the 
matrix,  gave  2*806. 

In  thin  slices  [7551,  etc.]  the  xenoliths  of  marscoite  in  these 
rocks  resemble  generally  the  marscoite  of  the  sills.  They  have, 
however,  a  larger  proportion  of  quartz  and  alkali-felspar  in  the 
ground-mass,  or  at  least  they  are  comparable  in  this  respect  with 
the  most  acid  portions  of  the  marscoite  sills  in  immediate 
proximity  to  the  granophyre.  This  is  doubtless  due  to  injection  of 
the  xenoliths  by  the  granophyre  magma.  It  is  worthy  of  note 
that  here,  as  in  the  sills,  the  quartz  and  alkali-felspar  do  not 
assume  the  form  of  micropegmatite.  There  is,  as  before,  an 
abundance  of  brownish-green  hornblende,  often  partly  idiomorphic, 
octahedra  of  magnetite,  and  little  needles  of  apatite  (Plate  XXI., 
Fig.  1).  One  peculiarity  is  that  the  large  crystals  of  labradorite  are 
often  cracked  and  shattered,  as  if  by  the  heat  of  the  granophyre 
magma.  The  paler  matrix  in  which  the  dark  xenoliths  are  enclosed 
requires  no  detailed  description,  being  merely  a  granophyre  richer  in 
hornblende  and  magnetite  than  the  normal  kind. 

A  transition  from  the  distinctly  spotted  rocks  to  the  uniformly 
dark  granophyres  is  illustrated  by  specimens  exhibiting  a  rather 
indistinct  mottling  on  a  small  scale  [75481.  This  appearance  is 
due  to  the  breaking  up  of  the  ovoid  xenoliths  preparatory  to  their 
final  dissolution.  In  a  thin  slice  the  darker  parts  are  marked  out 
by  the  abundance  of  hornblende  and  magnetite  which  they  contain. 
Augite  is  scarcely  found  except  in  rings  surrounding  xenocrysts  of 
quartz  or  minute  xenoliths  of  orthoclase  and  quartz,  which  are  still 
recognisable.  A  flake  or  two  of  biotite  is  also  present.  As  regards 
the  felspar  and  quartz  of  the  ground-mass,  there  is  no  appreciable 
distinction  between  the  darker  and  the  lighter  patches  of  the  rock, 
both  alike  being  now  characterised  by  micropegmatite.  Apatite- 
needles  occur  in  both  parts,  but  are  both  stouter  and  more 
numerous  in  the  darker  portions  of  the  slice. 

From  such  rocks  as  this  there  is  a  gradation  (often  in  a  very 
short  space)  to  those  in  which  no  heterogeneity  is  apparent  to  the 
eye,  and  in  which  the  microscope  shows  that  the  component 
elements  are  uniformly  distributed  [7550].  They  are  simply 
granophyres  unduly  rich  in  hornblende,  magnetite,  and  apatite. 
Part  of  the  last-named  mineral  seems  to  have  been  derived  directly 
from  the  marscoite,  but  no  other  simple  xenocrysts  of  this  kind  are 
to  be  detected.  The  large  crystals  of  labradorite,  already  shat- 
tered, have  broken  up  as  soon  as  they  became  isolated  in  the  acid 
magma,  and  have  been  dissolved  like  the  rest.  The  quartz-grains 
and  crystals  of  turbid  orthoclase,  which  were  found  as  xenocrysts 
in  the  marscoite,  remain  undestroyed  in  these  dark  granophyres  as 
xenocrysts  of  the  second  order.  We  may  suppose  that  minerals 
proper  to  acid  rocks  found  themselves  in  something  like  chemical 
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equilibrium  when  again  enclosed  in  an  acid  magma.  The  quartz- 
grains,  however,  have  lost  their  border  of  augite  or  hornblende, 
and  the  orthoclase  xenocrysts  show  certain  interesting  peculiarities. 
These,  when  enveloped  in  the  basic  magma,  had  sometimes  under- 
gone an  incipient  breaking  up  by  minute  fissures  following  the 
cleavages — an  efiect  often  noticed  by  Lacroix  and  other  writers 
on  xenocrysts — ;  and  this  rectangular  system  of  fine  fissures,  not  so 
pronounced  as  to  impair  the  continuity  of  the  crystal,  has  subse- 
quently been  occupied  by  newly  formed  quartz  supplied  from  the 
granophyre  magma. 

Phenomena  in  any  close  degree  comparable  with  those  described 
about  Srdn  a*  Bhealain  and  Glamaig  have  been  observed  in  one 
other  locality  only — viz.,  on  the  north-eastern  slope  of  Meall  a 
Mhaoil,  to  the  north  of  Loch  Ainort.  Here  a  narrow  strip  of 
basaltic  lavas  is  enclosed  in  the  granite,  running  steeply  down 
towards  the  coast  in  an  E.S.E.  direction.  On  the  southern  edge  of 
it  a  strip  or  sheet  of  a  basic  intrusive  rock  is  interposed  between 
the  basalt  and  the  granite,  the  last-named  rock  penetrating  both 
the  others  in  the  form  of  small  tongues  and  veins.  The  basic 
intrusion  is  of  a  rock  somewhat  similar  to  that  of  Srdn  a'  Bhealain, 
though  of  rather  coarser  grain.  It  might  be  matched  more  closely 
in  the  deep  gully  on  Marsco.  It  has  the  same  porphyritic  crystals 
of  labradorite  as  the  typical  marscoites,  and  like  them  is  evidently 
a  basic  rock  partially  acidified ;  but  the  slice  examined  shows  no 
recognisable  xenocrysts,  the  quartz  present  being  wholly  of  inter- 
stitial occurrence.  The  ferro-magnesian  mineral  is  exclusively 
hornblende  [8980].  The  rather  fine-grained  granophyre  in  contact 
with  this  rock  is  seen  to  be  in  places  enriched  in  hornblende  and 
magnetite,  and  to  enclose  little  dark  patches  which  must  be  inter- 
preted as  destroyed  xenoliths  of  the  marscoite  [8981].  This  Meall 
a'  Mhaoil  occurrence  thus  reproduces  in  most  essential  particulars 
the  peculiar  phenomena  described  near  Glamaig,  but  only  on  a 
small  scale  and  with  fewer  complications. 

It  is  to  be  observed  that  the  Glamaig  rocks  are  petrographically 
of  more  peculiar  characters  than  those  described  in  the  earlier  parts 
of  this  chapter.  At  Kilchrist  and  on  ^larsco  hybrid  rocks  have 
been  produced  from  gabbro  and  granite,  and  they  are,  as  we  have 
shown,  essentially  abnormal  in  chemical  and  mineralogical  com- 
position. On  Glamaig,  however,  the  intermingling  has  taken 
place  between  marscoite  and  granite,  the  former  itself  a  hybrid 
rock  of  peculiar  composition,  and  the  results  are  correspondingly 
complicated.  We  have  here  to  deal,  in  short,  with  hybridism  of  a 
second  order.  On  Marsco  effects  of  this  kind  are  to  be  verified  only 
exceptionally  (for  instance,  between  G  and  H  in  Fig.  35),  the 
marscoite  there  not  having  entered,  as  a  rule,  into  important 
reactions  with  the  acid  magma. 
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CHAPTER  XII. 
Composite  Sills  and  Dykes:  General  Features. 

In  the  preceding  chapter  we  have  seen  how  in  certain  places  the 
granite  (including  granophyre)  of  the  Red  Hills  enters  into 
remarkable  relations  with  the  gabbro  (on  Marsco)  and  with  sills  of 
a  peculiar  hybrid  basic  rock  (on  Glamaig).  We  have  next  to 
describe  somewhat  analogous  phenomena  exhibited  in  minor 
intrusions  outside  the  mountain  tract.  These  intrusions  take  the 
form  partly  of  composite  dykes,  partly  of  composite  sheets,  which 
from  their  regularity  and  parallelism  with  the  bedding  may  be 
termed  sills.  Some  of  the  composite  dykes  stand  in  close  relation 
to  the  composite  sills,  and  have  doubtless  been  their  feeders. 

The  frequency  of  multiple  basic  dykes  and  sills  in  Skye  shows 
the  strong  tendency  for  later  intrusions  of  the  basic  magmas  to 
follow  channels  already  selected  by  earlier  intrusions.  The 
tendency  to  be  thus  guided  is,  however,  much  stronger  where  an 
acid  magma  has  been  intruded  in  the  neighbourhood  of  earlier 
basic  dykes  and  sills.  Even  the  granite  bosses  show  this  disposi- 
tion occasionally.  The  Beinn  an  Dubhaich  granite,  intruded 
through  Cambrian  limestones,  as  we  have  already  remarked,  trun- 
cates a  number  of  pre-granitic  basic  dykes.  In  one  or  two  places 
about  Torran  the  granite  has  sent  out  irregular  tongues  along 
these  earlier  dykes.  Such  a  tongue  always  clings  closely  to  the 
side  of  its  dyke,  and  sends  veins  into  it,  but  never  into  the  lime- 
stone. The  acid  magma  has  evidently  been  guided  by  these  dykes, 
just  as  it  has  been  by  the  marscoite  sills  on  Glamaig.  The 
destructive  action  of  the  acid  magma  on  these  dykes  is  much  less 
than  in  the  case  of  the  Glamaig  sills,  but  it  is  still  to  be  perceived; 
and  it  is  probable  that  the  facility  with  which  an  acid  intrusion 
finds  its  way  along  a  basic  dyke  or  sheet  results  in  general  from  a 
certain  amount  of  reaction  between  the  acid  magma  and  the  surface 
of  the  basic  rock.  It  is  noteworthy  that,  although  the  acid  magma 
has  sometimes  insinuated  itself  along  the  side  of  a  single  basic 
dyke  or  sill,  it  has  more  frequently  selected  the  surface  of  junction 
of  two  contiguous  dykes  or  sills.  The  composite  intrusions  which 
include  acid  members  are,  as  a  rule,  not  merely  double  but  triple  or 
multiple.  Moreover,  where  such  a  composite  dyke  or  sill  includes 
an  acid  member  with  two  or  more  basic  ones,  the  acid  rock  seldom, 
if  ever,  occupies  an  outside  position. 

For  purposes  of  description  it  will  be  convenient  to  distinguish 
among  composite  intrusions,  whether  dykes  or  sills,  two  main 
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types,  symmeti*ical  and  uiisymmdncal.  The  symmetrical  type  has 
usually  a  central  member  consisting  of  one  kind  of  rock,  flanked 
on  either  side  by  marginal  portions  consisting  of  another  kind  of 
rock :  it  may  be  represented  by  XYX.  More  rarely  three  kinds  of 
rock  enter  into  the  complex,  the  arrangement  being  then 
represented  by  XYZYX.  In  the  other  type  no  such  bilateral 
symmetry  exists,  and  we  have  such  arrangements  as  XXXYX, 
XYXYXY,  XYZXX,  etc. 

Since  composite  dykes  and  sills,  consisting  of  basic  and  acid 
rocks  in  intimate  association,  seem  to  be  a  characteristic  feature  of 
the  British  Tertiary  province,  it  will  be  useful  to  collect  here  the 
scattered  records  of  their  occurrence.  The  only  examples  of  which 
detailed  descriptions  have  yet  been  published  are  certain  composite 
dykes  in  AiTan  and  in  County  Down,  but  brief  references  are 
numerous  in  the  literature  of  the  region. 

Little  is  to  be  gleaned  from  the  writings  of  the  earliest  observers. 
Jameson*  seems  to  have  partially  appreciated  the  nature  of  the  Cir 
Mhdr  dyke  in  Arran,  and  gives  a  fairly  clear  account  of  the 
"  stratified  veins  "  at  Tormore  in  the  same  island ;  but  the  complex 
dykes  incidentally  noticed  by  Maccullocht  in  Skye  seem  to  be  merely 
accidental  conjunctions.  One  of  the  first  clear  references  comes 
from  the  Mourne  district  in  Ireland,  where  in  1835  Patricksont 
recorded  at  Glasdrummon  Port  a  poi-phyritic  acid  dyke  bounded  by 
two  "hornblende"  dykes  in  parallel  contact.  In  1840  Necker,§in 
cataloguing  a  number  of  dykes  on  the  the  Arran  coast,  remarked 
that  each  consists  in  general  of  a  single  kind  of  rock,  but  noted 
two  exceptions  to  this  rule.  One  is  a  **  dyke  compos^e"  at  the  foot  of 
**  Kidvoe,"  consisting  of  pitchstone  in  the  centre,  flanked  by 
"  argilolite  "  on  both  sides,  and  further  flanked  by  "  trap  "  also  on 
both  sides :  the  other  is  an  assemblage  of  alteraating  dykes  of 
greenstone  and  *'  porphyre  argilolitique,"  six  members  in  all. 
Here  we  have  examples  of  the  two  types  distinguished  above,  the 
symmetrical  and  the  unsymmetrical.  **  Kidvoe  "  is  evidently  Cir 
Mh6r,  disguised  by  transliteration  and  accidental  error,  and  the 
dyke  in  question  is  that  which  was  briefly  described  in  the  following 
year  by  Ramsay.'  Bryce^  observed  in  1859  that  almost  all  the 
dykes  of  Arran  are  simple,  but  "  a  few,  of  which  the  most  remark- 
able are  those  of  Tormore,  are  composed  of  parallel  bands  of 
different  substances."  Subsequently**  he  added  something  to 
Ramsay's   account   of  the  Cir  Mhdr  occurrence,  and  both  these 

*Mineralornf  of  the  Scottish  IsU.s,  vol.  i.,  pp.  81,  102-105  :  1800. 
t  Trans.  Geol.  Soc,  vol.  iii.,  PL  IV.,   Fig.   2  :    1816.      Descnption  of  tht 
Western  Islands,  PI.  XVIII.,  Fig.  1  :  1819. 

I  **  A  Descriptive  List  of  the  Dykes  appearing  on  the  Shore  which  skirts 
the  Mourne  Mountains     .     .     .,"  Journ.  Oeol.  Sue.  DM.,  vol.  i.  :  1835. 

55  **  Documents  sur  les  Dykes  de  Trap  d'lme  partio  de  I'lle  d'Armn,"  Edin. 
Phil.  Trans.,  vol.  xiv.,  pp.  677-698,  PI.  XXIII.  :  1840. 

II  The  Geolorjif  of  th4  Island  (f  Arran  from  Oriijinal  Survey,  p.  26  :  1841. 

^\  Geology  of  Clydesdale  and  Arran,  pp.  81,  82  :  1859.  Cf  Zirkel,  Zeits. 
dents,  geol.  Ges.,  vol.  xxiii.,  p.  41,  PI.  II.,  Fig.  6  :  1871  ;  and  Allport,  Geol. 
Mafj.,  1872,  pp.  5,  541. 

**  The  Geology  of  Arran  and  the  other  Clyde  Islands,  p.  164  :  1872. 
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Arran  localities  have  since  been  fully  described  in  an  important 
paper  by  Professor  Judd.* 

In  Ireland  composite  dykes  have  been  mapped  by  the  Geological 
Survey  and  mentioned  in  the  published  Memoirs,  Professor 
Hull  t  noting  in  particular  one  at  Murphy's  Point,  County  Down, 
which  consists  of  a  35-ft  dyke  of  greyish  "  felstone-porphyry " 
flanked  by  two  8-ft  dykes  of  basalt.  Professor  Colet  has  since 
given  a  description  of  Patrickson's  dyke,  already  mentioned,  and 
has  entered  into  some  interesting  speculations  relative  to  the 
interpretation  of  its  phenomena. 

The  first  clear  notice  of  the  composite  sills  of  Skye  is  found  in 
Sir  A.  Geikie's  memoir  on  "The  History  of  Volcanic  Action 
during  the  Tertiary  Period  in  the  British  Isles,"  published  in 
1888,§  though  the  intrusions  at  Cam  Dearg,  Suishnish,  had 
attracted  notice  earlier,  as  mentioned  below  (Chap.  XXII.).  That 
such  sills  are  not  confined  to  this  island  seems  probable  from 
certain  observations  of  what  may  prove  to  be  similar  cases  in 
Ardnamurchan  II  and  Arran, ^  but  no  detailed  account  of  any  of 
these  occurrences  has  yet  appeared.**  Sir  A.  Geikie  has,  however, 
furnished  some  additional  information,  as  regards  both  dykes  and 
sills  of  composite  habit  in  Skye,  in  his  later  writings. tt 

A  few  composite  dykes  are  known  on  the  mainland  of  Scotland. 
The  Eskdale  dyke  takes  on  this  character  at  Wat  Carrick,  a 
compact,  more  or  less  vitreous  rock  forming  a  band  16  to  18  feet 
broad  between  two  8-ft  bands  of  dolerite.tt  CMiher  dykes  of  the 
symmetrical  triple  kind  have  been  recorded  by  Mr  Symes§§  in  the 
district  south  of  Oban. 

Records  of  composite  dykes  in  extra-British  areas  are  not 
numerous.  The  district  which  presents  most  analogy  in  this 
respect  with  Skye  is  undoubtedly  the  north-western  part  of  the 
Thtiringer  Wald,     Composite  dykes  seem  to  have  been  observed 

*"0n  Composite  Dykes  iu  Arran,"  Quart,  Jotu^.  Geol.  Soc,^  vol.  xlix., 
pp.  536-565,  PL  XIX. :  1893. 

f  ExplancUory  Memoir  to  accompany  Sheets  60,  61,  and  Part  of  71  of  the 
Maps  of  the  Geological  Survey  of  Irdand,  p.  39  :  1881. 

t  **  On  Derived  Crystals  in  the  Basaltic  Andesite  of  Glasdrummon  Port, 
Co.  Down,"  Sci,  Trans,  Boy.  Duhl.  Soc,  (2),  vol.  v.,  pp.  239-245,  PL  XXVI. : 
1894. 

^Edin.  PhU.  Trans.,  voL  xxxv.,  pp.  21-184  :  1888.     See  p.  174. 

11  Judd,  Qtiart.  Joum.  Geol.  Soc ,  vol.  xxx.,  p.  271,  footnote  :  1874. 

ir  Corstorphine,  Tscherm.  Min.  Petr.  Mitth.  (N.S.),  vol.  xiv.,  pp.  18-23,  29, 
30 :  1895.  See  also  Bou^,  Essai  gSologique  sur  VEcosse,  p.  29i6,  PL  IV., 
Fig.  20  ;  1820.     Delesse,  Ann.  des  mines  (5),  vol.  xiii.,  pp.  349,  350  :  1858. 

**  Since  this  was  written,  the  occurrence  of  composite  sills  in  Arran  has 
been  more  definitely  announced,  and  some  account  has  also  been  published  of 
an  interesting  example  in  southern  Bute,  which  differs  from  others  in  having 
the  basic  rock  in  the  middle  with  acid  borders  above  and  below.  See  Mem. 
Geol.  Sur.  Scot.,  The  Geology  of  North  Arran,  etc.,  pp.  98,  99  (W.  Gunn)  and 
114-117  (A.  Harker) :  1903. 

tt  Qu^art.  Joum.  Oecl,  Soc.,  vol.  lii.,  pp.  393-395  :  1896.  Ancient  Volcanoes 
of  Great  Britain,  vol,  ii.,  pp.  162,  163,  433,  434  :  1897.  See  also  brief  notes 
in  Ann.  Bep.  (hd.  Sur.  for  1896,  pp.  73,  74. 

tt  Geikie,  Proc.  Boy.  Phys.  Soc.  Edin.,  vol.  v.,  pp.  219-253,  PL  V.,  VI.  : 
1880.     Ancient  Volcanoes  of  Great  Britain,  vol.  ii.,  p.  137. 

%^  Summary  of  Progreaa  of  Geol.  Sur,  for  1898,  p.  154. 
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there  by  J.  L.  Heim*  as  early  as  the  end  of  the  eighteenth  century, 
and  they  have  been  described  in  some  detail  by  Senft,t  Prings- 
heim,+  Wei8s,§  and  Bttcking.H  All  these  are  of  the  symmetrical 
type,  usually  triple  (XYX),  sometimes  quintuple  (XYZYX),  and 
they  compare  closely  with  the  British  examples.  The  unsym- 
metrical  type  (e.g,  XYXYXY)  is,  however,  also  met  with  in  the 
Thiiringer  Wald,  and  has  been  described  by  Loretz  %  and  others. 
Weiss**  has  remarked  among  other  examples  a  dyke  showing 
alternations  of  quartz-porphyry  (silica-percentage  69)  and 
porphyry  (60),  i.e.,  an  association  of  an  acid  and  an  intermediate 
rock,  for  which  we  have  found  no  precise  parallel  in  our  own 
country.  On  the  whole  these  Thuringian  composite  dykes, 
probably  of  pre-Permian  age,  show  a  remarkable  correspondence 
with  the  Tertiary  examples  in  Skye.  The  sills  are  wanting  in  the 
foreign  area,  but  this  is  sufficiently  explained  by  the  intrusions 
there  occurring  in  a  tract  of  granite  and  gneiss.  It  cannot  be 
doubted  that  in  the  two  groups  of  intrusions  here  compared,  in 
different  areas  and  of  different  ages,  some  factor  was  operative 
which  in  most  groups  of  basic  and  acid  intrusions  has  been  absent. 
In  the  foregoing  citations  we  have  expressly  excluded  all  cases 
in  which  heterogeneity  in  a  dyke  is  mxinifestly  due  to  differentiation 
subsequent  to  injection,  since  this  explanation  is  certainly 
inadmissible  for  the  composite  dykes  of  Skye.  On  this  point  a  few 
remarks  are  necessary.  Professor  Judd,  in  an  instructive  paper 
on  composite  dykes  already  referred  to,  distinguishes  between 
those  in  which  a  differentiation  has  gone  on  in  the  material  that 
has  filled  the  dyke  and  those  in  which  there  has  been  injection  of 
different  materials  into  the  same  fissure.  What  is  here  premised 
of  dykes  may  be  extended  also  to  sills  and,  in  a  general  sense,  to 
larger  and  more  massive  intrusions.  Although  the  distinction 
seems  to  be  logically  an  absolute  one,  it  is,  however,  probably 
less  fundamental  than  it  appears.  Professor  Judd  indeed 
recognises  that  there  are  cases  which  seem  to  constitute  a  link 
between  the  two  classes,  and  this  becomes  much  more  evident 
when  we  turn  from  the  dykes  to  the  large  bosses.  The  leading 
characteristics  of  composite  intrusions  are  common  to  both 
classes:  such  are,  in  dykes  and  sills,  the  bilateral  symmetry  of 
the  arrangement,  the  disposition  of  the  most  acid  member  at  the 
centre  and  the  most  basic  at  the  sides,  and  probably  we  may  add 
the  indications  of  what  Iddings  has  called  "  consanguinity  "  among 
the  different  associated  rock-types.  Moreover  the  criterion  which 
naturally  suggests  itself  for  discriminating  the  two  classes,  viz. 
the  contrast  of  a  gradual  transition  in  the  one  case  with  abrupt 
boundaries   in   the   other,    sometimes   breaks   down   in   practice. 

*  Geologische  Beschreibuiig  des  Thiiringer   Waldchiirgs,   part  2,    section    1, 
p.  138,  footnote,  etc.  :  1798. 

f  Zcits.  dents,  geol.  Ges.,  vol.  x.,  pp.  305-355,  PI.  TX.,  X.  :  1858. 

I  Ibid.,  vol.  xxxii.,  pp.  Ill  182,  PI.  X.,  XL  :  1880. 

^Ibid,,  vol.  xxxiii.,  pp.  483-489  :  1881. 

'\\Jahrb.  k.  preuss.  geoL  Landesanst.  for  1887,  pp.  119-139,  PI.  V.  :  1888. 

^Ibid.,  pp.  100-118. 

^  Ibid,  for  1883,  pp.  213-237,  PI.  XX. :  1884. 
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With  this  understanding,  it  may  be  said  that  the  composite  dykes 
and  sills  of  Skye  fall  under  the  second  of  the  two  heads,  the 
phenomena  being  the  result  of  successive  injections  of  diflferent 
rock-magmas  into  one  channel.  Many  single  dykes  in  Skye 
exhibit  variations  due  to  differentiation  in  place,  but  these 
variations  have  in  any  given  case  a  very  limited  range,  and 
present  no  unusual  features. 

It  results  from  the  strong  tendency  of  the  acid  intrusions  to  be 
guided  by  pre-existing  basic  ones  that  the  area  of  distribution  for 
the  composite  (basic  with  acid)  dykes  and  sills  is  nearly 
coextensive  with  that  for  the  acid  dykes  and  sills  in  general.  The 
acid  sills  are  more  restricted  in  range  than  the  acid  dykes,  and 
the  composite  sills  show  a  like  restriction  as  compared  with  the 
composite  dykes.  We  shall  notice  first  the  composite  dykes  of 
unsymmetrical  type,  since  these  exhibit  the  least  peculiarity  of 
habit,  and  have  nothing  abnormal  in  their  petrographies  1 
characters. 

In  many  instances  the  association  of  acid  with  basic  dykes  is 
only  of  a  loose  kind.  This  is  well  seen  in  the  Strathaird  peninsula, 
and  especially  in  a  group  of  acid  dykes  on  the  slopes  of  Ben 
Meabost,  about  1000  yards  west  of  the  summit.  Here  we  find 
one  acid  dyke  running  alone;  another,  after  running  alone  for 
some  distance,  impinges  obliquely  upon  a  basic  dyke,  to  which  it 
clings  thenceforward ;  another  runs  throughout  in  contact  with  a 
basic  dyke,  thus  constituting  a  double  composite  dyke ;  and  still 
another  has  insinuated  itself  between  two  contiguous  basic  dykes, 
so  as  to  form  a  triple  composite  dyke  of  symmetrical  type.  East 
of  Elgol  there  are  other  examples  showing  how  a  felsite  dyke 
may  run  independently  until  it  meets  a  basic  dyke,  to  which  it 
then  adheres.  One  of  the  same  group,  about  800  yards  east  of  the 
School,  runs  by  itself  throughout  its  course,  and  is  obliquely  cut 
by  a  number  of  basic  dykes.  This  is  instructive  as  illustrating 
the  fact  that,  while  the  acid  dykes  have  taken  advantage,  as 
described,  of  any  pre-existing  basic  dykes  in  their  neighbourhood, 
they  are  themselves  earlier  than  the  majority  of  basic  dykes  in  the 
district. 

Double  composite  dykes,  consisting  of  one  basic  and  one  acid 
member,  occur  in  numerous  localities,  intersecting  the  Jurassic 
strata,  the  basaltic  group,  or  the  gabbro.  Examples  may  be  seen 
east  of  Camas  Fhionnairidh ;  south-east  of  Sgdrr  nan  Each 
(striking  N.N.E.) ;  north-east  of  Vikisgill  Bum,  which  drains  into 
Loch  Harport ;  and  on  Glas  Eilean,  opposite  Harrabol,  Broadford. 
Unsymmetrical  multiple  dykes  including  one  or  more  acid  members 
are  also  found  quite  frequently  in  certain  parts  of  the  area,  and 
some  of  these  will  be  mentioned  later  in  connection  with  the 
common  multiple  basic  dykes.  Good  examples  occur  in  the  AUt 
Daraich  gorge  near  Sligachan  and  in  AUt  Airidh  Meall  Beathaig,  a 
tributary  of  the  Varragill  River.  As  already  intimated,  an  acid 
member  almost  always  occurs  between  two  basic  ones ;  and,  when 
evidence  of  their  relative  age  is  obtainable,  the  acid  rock  is  always 
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found  to  be  newer  than  its  immediate  neighbours,  though  not 
necessarily  newer  than  all  the  basic  members  of  the  complex. 
Another  point  is  worthy  of  note.  The  basic  members  of  a  multiple 
dyke  often  show  chilled  edges  against  one  another,  which  may  be 
taken  to  imply  a  ceitain  lapse  of  time  between  successive  intru- 
sions :  in  the  acid  members  of  composite  dykes,  on  the  other  hand, 
we  often  find  no  such  evidence  of  chilling  at  the  edges;  which 
suggests  that  the  acid  intinision  in  such  a  case  may  have  followed 
its  neighbours  after  no  long  interval  of  time.  In  like  manner,  we 
may  sometimes  see  that  in  a  merely  double  composite  dyke  the- 
acid  member  shows  clear  indications  of  chilling  on  the  side  towards 
the  country-rock,  but  not  at  its  junction  w^th  the  associated  basic 
member.  A  good  example,  intersecting  the  gabbro,  crosses  Allt 
Dearg  Beag  about  1000  yards  below  the  Basteir  ravine. 

A  very  common  case  among  composite  dykes  is  that  in  which  an 
acid  member  has  forced  its  way  between  the  two  members  of  a 
double  basic  dyke,  thus  forming  a  symmetrical  triple  dyke.  A 
fine  group  of  these,  with  the  normal  direction,  occurs  along  a  belt 
extending  from  near  Drynoch  to  Coire  na  Creiche,  a  distance  of 
about  3  J  miles.  Several  triple  composite  dykes  of  this  group  are 
well  exposed  on  the  moorland  west  of  Beinn  Bhreac,  in  Coire 
Gaisteach,  and  in  Allt  Coir'  a'  Mhadaidh.  A  smaller  group 
traverses  the  gabbro  in  Allt  nan  Clach  an  Geala,  east  of  Sgiirr  nan 
Gillean,  and  one  example  is  seen  on  Bealach  na  Beiste,  between 
Garbh-bheinn  and  Belig.  The  general  type  of  these  is  a  central 
member  of  granophyre  flanked  by  two  of  basalt  or  dolerite.  There 
are  no  peculiarities  of  a  petrographical  kind,  and  it  is  evident  that 
the  bilateral  symmetry  is  only  an  accident,  resulting  from  the 
propensity  of  the  acid  magma  to  insinuate  itself  between  two  con- 
tiguous basic  dykes.*  Indeed  in  some  of  the  composite  dykes 
belonging  to  the  group  first  mentioned  this  symmetry  is  lost, 
owing  to  the  granophyre  magma  having  been  intruded  into  a 
multiple  basic  dyke  instead  of  a  merely  double  one.  The  two 
straight  reaches  of  Allt  Grillan  follow  multiple  dykes  of  this  kind, 
consisting  of  several  basic  and  one  acid  member. 

The  intrusions  which  we  shall  now  more  particularly  consider, 
and  which  will  be  described  in  detail  in  the  succeeding  chapter, 
are  triple  composite  silk  and  dyJies  in  which  the  bilateral  symmetry 
is  to  be  regarded  as  an  essential  feature,  and  they  are  characterised 
by  peculiar  petrographical  phenomena  indicative  of  remarkable 
mutual  reactions  between  the  two  associated  rock-types.  The  very 
distinctive  characters  common  to  these  intrusions  as  a  whole  leave 
no  doubt  that  they  belong  to  one  natural  group,  referable  to  a 
definite  epoch  and  affecting  a  certain  restricted  area.  They  in  no 
case  intersect,  but  are  clearly  intersected  by,  such  simple  dykes  as 
they  encounter  belonging  to  the  phase  of  minor  intrusions.  The 
first  manifestation  of  this  phase  was,  as  we  shall  see  later,  the 

*  Cf.  Sir  A.  Geikie's  remarks  on  an  example  described  by  him  at  Market 
Stance,  Broadford,  Quart.  Journ.  GeoL  Soc.y  vol.  lii.,  p.  394  :  1896  ;  and 
Ancient  Volcanoes  of  Cireat  Britain,  vol.  ii.,  p.  163  :   1897. 
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direction  by  the  progress  of  erosion,  which  baa  abo  removed  all  the 
upperportion  (eee  Fig.  45,  p.2H).  Round  the  greater  part  of  the 
circumrerence  there  is  seen  merely  a  single  sheet  of  basalt,  usually 
6  to  lOfeet  thick,  forming  the  base  of  the  much  thicker  granophyre; 
but  at  places  on  the  south  side  we  find  relics  of  two  other  basic 
sills  enveloped  in  the  lower  part  of  the  granophyre  mass.  They 
differ  petrographically  from  the  type  of  basalt  which  forma  the 
lower  sheet  and  is  found  in  these  peculiar  composite  sills  elsewhere; 
and  it  is  probable  that  their  inclusion  here  is  only  an  accidental 
circumstance.  We  may  suppose  that  in  this  case  a  triple  or 
perhaps  quadruple  basic  sill  was  invaded  by  an  ovenvhelming 
volume  of  acid  magma,  and  that  only  the  lowest  basic  member  (and 
probably  the  highest  one,  now  removed  by  erosion)  had  a  genetic 
relationship  with  the  acid  rock. 

In  the  Carn  Deai^  occurrence  the  departure  from  the  usual 
arrangement  is  of  an  unsymmetrical  order,  but  in  the  other  case  to 
be  noted  tlie  regular  symmetry  is  preserved,  and  the  explanation  is 
of  a  different  kind.  This  is  the  quintuple  composite  sill  of 
Allt  an'  t-Sithean,  near  Sligachan  (Fig.  44).      Its  shape  is  that 


FlO.  44.— Section  ncrosa  Allt  an  't-Sithena  and  through  Cnoc  an  't-Sithean, 
ftbout  li  n-Ue  N.N.W.  of  Sligachan,  to  show  the  relations  of  the  basalt 
(black)  and  granophyre  (white)  in  the  quintuple  composite  laccolite. 
liie  intrusion  occurs  in  the  basaltic  lava  group,  aod  one  of  the  ordinary 
dolerite  .lills  in  ehown  lower  down.  Tlio  triple  composite  dyke  which 
has  probably  fed  the  laccolite  does  not  apiiear  in  this  section,  but  some 
later  basic  dykes  of  simnle  habit  are  Hhown,  and  4.hese  in  some  cases 
have  failed  to  penetrate  the  thick  ntass. 

of  a  laccolite  rather  than  a  sill,  owing  to  the  lenticular  form 
assumed  by  the  granophyre  portion,  which  is  traceable  for 
only  400  or  500  yards  along  the  strike.  The  maximum  thick- 
ness of  the  whole  is  perhaps  150  feet,  the  greater  part  of  which  is 
granophyre ;  but,  in  addition  to  the  upper  and  lower  basaltt, 
a  thin  sheet  is  seen  in  the  middle  of  the  granophyre,  running 
for  300  yards  or  more.  It  is  greatly  metamorphosed  and  corroded 
into  xenoliths,  and  it  dies  out  in  every  direction  before  the 
granophyre. 

One  of  the  most  remarkable  features  of  these  pecuHar  symmetrical 
composite  sills  has  yet  to  be  mentioned,  and  a  full  account  of  it 
will  be  deferred  to  the  next  chapter.  Not  only  does  the  later  rock, 
the  granophyre  or  other  acid  type,  carry  xenoliths  of  the  earlier 
basic  one,  but  the  earlier  rock  also  encloses  at  least  xenocrysts  from 
the  later.     These  are  seen  as  crystals  of  alkali-felspars  and  grains 
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of  quartz  scattered  through  the  basalt,  especially  near  its  junction 
with  the  acid  rock.  Moreover,  while  the  granophyre  has  locally 
been  rendered  less  acid  by  incorporating  in  its  magma  dissolved 
debris  of  basalt,  the  basic  rock  has  been  modified  in  the  opposite 
sense,  and  usually  to  a  greater  degree,  by  absorbing  acid  material. 
Indeed  much  of  the  rock  which  we  have  for  convenience  been 
styling  basalt  has  petrographically  no  right  to  that  title,  being 
much  more  acid  than  any  normal  basalt.  That  the  derived  acid 
material,  whether  displayed  as  xenocrysts  or  absorbed,  comes  in 
great  part  from  the  contiguous  acid  rock  will  be  made  sufficiently 
clear  in  the  sequel.  The  crystals  of  alkali-felspars  and  grains  of 
quartz  in  the  "  basalt,"  like  the  basic  xenoliths  in  the  granophyre, 
become  progressively  more  abundant  towards  the  ba8alt-granoph)'re 
junction  j  and  it  is  often  evident,  even  when  the  dividing  line  is 
sharply  defined,  that  the  basic  rock  becomes  more  acid  and  the 
acid  rock  more  basic  towards  the  contact  of  the  two.  Only  in 
certain  extreme  cases  does  the  sharp  division  fail,  and  the  two 
rocks  appear  to  graduate  into  one  another  without  any  interruption. 

At  several  places  within  the  curved  belt  of  country  which 
includes  the  symmetrical  composite  sills  of  the  Cnoc  C^mach  type 
there  occur  triple  composite  dykes  with  like  symmetrical  constitution, 
consisting  of  the  same  pair  of  rocks  with  the  same  remarkable 
mutual  reactions.  The  association  of  the  dykes  with  the  sills  is  of 
so  close  a  kind  as  to  leave  little  or  no  doubt  that  the  former  are,  or 
have  been,  continuous  wdth  the  latter,  and  have  served  as  feeders  to 
them.  Immediately  south  of  Loch  na  Starsaich,  a  tarn  lying  to  the 
north  of  Heast,  a  triple  composite  dyke  can  be  followed  for  about 
400  yards  in  an  E.N.E.-W.S.W.  direction,  with  a  maximum  width 
of  over  100  feet.  Westward  it  ends  abruptly  before  reaching  the 
neighbouring  tani  Loch  an  Eilean  ;  but  eastward  it  can  be  followed 
to  within  a  very  short  distance  of  a  composite  sill  which  is  exposed 
just  east  of  Loch  na  Starsaich.  Just  below  the  outlet  of  Loch  an 
Eilean  a  similar  dyke  is  seen,  with  the  same  bearing,  and 
this  is  visibly  continuous  with  a  composite  sill  exposed 
for  some  400  yards  immediately  south  of  the  tarn.  Another,  seen 
250  yards  east  of  Loch  na  Starsaich,  is  continuous  with  the  Cnoc 
C^rnach  sill.  In  all  these  dykes  granophj'-re  is  the  predomi- 
nant rock.  The  first  one  is  flanked  on  both  sides  by  basalt,  but  not 
continuously,  the  basic  rock  being  represented  in  most  places  only 
by  xenoliths  in  the  marginal  part  of  the  granophyre.  The  second 
and  third  dykes  have  a  border  of  basalt  on  the  north  side  but  not 
on  the  south.  This  imperfection  is  probably  attributable  to  the 
caustic  action  of  the  acid  magma  on  the  basalt,  which  has  in 
general  been  decidedly  more  energetic  in  the  dykes  than  in  the 
sills.  Eegarding  the  dykes  as  marking  the  channels  which  fed  the 
sills,  this  difference  may  be  ascribed  to  difference  of  temperature, 
the  magma  losing  heat  continually  as  it  penetrated  first  through 
and  then  along  the  strata. 

In  other  cases  we  find  large  dykes  which  are  in  visible  continuity 
with  the  composite  sills,  but  which  are  simply  granophyre  dykes 
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island,  a  perfectly  typical  composite  sill  is  well  seen  in  the  Torridou 
Sandstone,  and  one  or  two  others,  either  less  perfect  or  less  clearly 
exhibited,  might  be  noted  in  other  parts  of  Scalpay. 

The  composite  sills  in  the  Lias  occur  at  various  horizons,  and 
sometimes  at  more  than  one  horizon  in  the  same  place.  This  is 
seen  on  and  to  the  east  of  Cnoc  C^rnach  (Fig.  42).  Again,  the 
broad  sheets  of  granophyre  which  form  Beinn  a'  Mheadhoin  and 
Beinn  a'  Ch^im  have  apparently  been  continuous,  but  are  now 
divided  by  a  wedge-like  strip  brought  up  between  two  faults.  In 
this,  much  broken  by  smaller  faults,  is  seen  a  much  lower  sill, 
intruded  in  the  Triassic  conglomerate  and  even  beneath  it,  in 
contact  with  the  underlying  Torridonian.  Owing  to  their  position, 
and  to  the  synclinal  disposition  of  the  strata,  the  large  sill  of 
Beinn  a'  Mheadhoin  and  Beinn  a'  Ch^im  and  that  near  Cam  Dearg 
lie  nearly  flat,  and  their  upper  portions  have  been  removed  by 
erosion.  Nevertheless  the  existing  thickness  must  exceed  150  feet 
in  the  one  case  and  200  feet  in  the  other.  These  two  most 
southerly  sills  are  the  thickest.  The  former  can  be  traced  (disre- 
garding the  break  referred  to)  for  about  a  mile  and  a  half,  and  the 
latter  for  a  mile.  The  longest  sill  is  that  which  forms  the  ridge  of 
Cnoc  C^rnach  and  can  be  followed  northward  to  beyond  Braigh 
Skulamus,  a  distance  of  two  miles. 

The  typical  constitution  of  these  sills  is,  as  already  stated,  triple. 
The  middle  and  chief  portion  is  of  granophyre  or  other  acid  rock, 
while  above  and  below  it  are  sheets  of  a  more  basic  rock,  which  for 
the  present  we  may  name  basalt.  The  latter  are  usually  much 
inferior  in  thickness  to  the  middle  part,  not  often  exceeding  six  or 
eight  feet  in  the  largest  sills  and  one  or  two  feet  in  the  smallest. 
These  relations  are  well  illustrated  by  examples  easily  accessible 
from  Broadford  ;  e.rf,  on  the  shore  at  Rudh'  an  Eireannaich  and  on 
the  rough  track  leading  to  Heast,  at  Braigh  Skulamus  and  for  about 
I  mile  beyond.  The  posteriority  of  the  acid  intrusion  to  the  basic 
is  often  clearly  demonstrated  by  the  metamorphism  of  the  basalt  at 
the  jimction  and  by  the  inclusion  in  the  granophyre  of  abundant 
xenoliths  of  the  basalt,  which  are  also  metamorphosed  and  rounded 
by  corrosion.  Further,  as  Sir  A.  Geikie  has  remarked,  the  grano- 
phyre often  sends  out  numerous  veins  into  the  basalt,  ranging  in 
width  from  about  an  inch  down  to  very  minute  dimensions.  These 
are  well  seen  as  a  fine  network  on  an  exposed  dip-slope  of  the 
upper  basalt,  as,  for  instance,  on  the  west  side  of  Cnoc  Carnach. 
As  seen  in  the  field,  the  junction  between  the  acid  and  the  basic 
rock  is  usually  quite  sharp,  however  irregular  it  may  be  as  a  result 
of  the  acid  magma  corroding  the  basalt.  Sometimes,  however, 
there  is,  so  far  as  the  eye  can  judge,  a  transition,  rapid  but  not 
abrupt,  from  the  one  rock  to  the  other.  That  this  is  due  to  some 
sort  of  mingling  of  the  two  rocks,  not  to  differentiation  in  place,  is 
certain ;  for,  tracing  the  junction  along  for  a  few  yards,  we  may 
find  the  gradual  passage  giving  place  to  the  more  usual  sharply 
defined  contact. 

The  symmetrical  sandwich-like  constitution  of  these  triple  com- 
posite sills  is  explicable  a  priori  in  two  ways.     The  acid  magma 
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may  have  forced  a  passage  along  the  surface  of  junction  of  two 
contiguous  basic  sills,  as  has  undoubtedly  happened  in  the  case  of 
many  composite  dykes ;  or  it  may  conceivably  have  found  a  plane 
of  weakness  along  the  middle  of  a  single  basic  sill,  and  thus  split 
it  into  two.  It  seems  possible  that  both  cases  are  represented. 
The  circumstances  observed  in  some  instances,  and  especially  the 
local  interposition  of  an  inconstant  basic  sheet  in  the  heart  of  the 
granophyre,  seem  to  point  to  a  pre-existing  double  or  triple  or  even 
quadruple  basic  sill  invaded  by  the  acid  magm£(.  In  other  instances 
it  will  be  shown  that  a  single  basic  sill  has  been  thus  invaded  while 
its  interior  part  was  still  imperfectly  consolidated,  or  at  least  still 
hot,  and  ready  to  be  coiToded  by  the  acid  magma.  In  such  a  case 
there  may  be  so  much  intermingling  of  the  two  rocks  as  to  give 
the  general  effect  of  a  gradual  transition,  as  described  below  for  the 
sill  of  Rudh'  an  Eireannaich.  We  shall  see  that  the  intermingling 
which  is  there  so  strikingly  demonstrated  has  operated  also  in 
varying  degree  in  the  other  composite  sills  of  the  group,  and  there 
can  be  little  doubt  that  the  second  alternative  suggested  is  the  one 
generally  applicable. 

We  have  next  to  notice  the  variations  exhibited  by  some  of 
these  composite  sills  from  what  may  be  regarded  as  the  ideal  tjrpe. 
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Fig.  43. — Section  of  triple  composite  sill  intruded  in  the  coarse  pebbly 
felsi)athic  sandstones  of  the  Torridonian  (Applecross  Grits)  on  the 
southern  shore  of  Camas  na  Geadaig,  in  the  iN.W.  of  Scalpay.  The 
middle  and  principal  member  of  the  sill  is  a  spherulitic  granophyre  ; 
above  is  basalt,  4  ft  thick,  with  a  sharp  junction  ;  below  is  basalt,  2  ft 
thick,  witli  the  appearance  of  a  more  gradual  transition.  The  junctions 
show  reactions  between  the  basic  and  acid  rocks  of  the  kind  described 
below. 

and  first  as  regards  their  regularity  and  persistence.  With  respect 
to  sills  in  general,  in  this  district  and  doubtless  in  others,  it  may 
be  remark^  that  the  uniformity  of  their  thickness  and  the  accuracy 
with  which  they  follow  a  given  bedding-plane  depend  partly  upon 
the  "  country  "  rock  and  partly  upon  the  nature  of  the  magma 
injected.  In  Skye  the  sills  always  run  most  regularly  in  the 
basalt  lavas  and  the  Jurassic  shales.  In  the  bedded  sandstones  of 
the  Lias  they  are  less  regular,  and  in  the  limestones  the  sill  form 
is  usually  lost  altogether.  In  the  Durness  Limestones  and  Torridon 
Sandstone,  rocks  usually  without  any  good  bedded  structure,  we 
find  as  a  rule  no  sills.  Further,  the  basic  magmas,  besides  taking 
the  sill  form  more  readily  than  the  acid  and  extending  in  that  form 
for  greater  distances,  also  maintain  their  course  with  greater  regu- 
larity. These  general  rules  are  illustrated  by  the  behaviour  of  the 
triple  sills.     It  can  clearly  be  seen  in  seveml  cases  that  the  acid 
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rock,  though  thicker,  is  less  extensive  than  the  basic.  If  the  acid 
magma  was  not  in  great  quantity,  it  merely  formed  a  lenticular 
mass  in  the  midst  of  the  basalt,  which  is  found  to  continue  after  the 
granophyre  has  died  out.  This  is  well  illustrated  at  Allt  an' 
t-Sithean,  near  Sligachan  (Fig.  44).  If,  on  the  other  hand,  the 
basalt  failed  while  the  granophyre  was  still  in  some  force,  the  latter 
seems  to  have  been  reluctant  to  leave  the  former,  and  has  swollen 
so  as  to  present  a  blunt  laccolitic  termination  instead  of  the  usual 
acutely  tapering  form.  This  is  well  shown  by  a  branch  of  the 
Beinn  a'  Chttim  mass,  on  the  east  side  towards  Heast.  The  same 
mass  on  its  west  side,  near  Allt  na  Pairte,  illustrates  another  effect. 
The  gi'anophyre  has  reached  the  limit  of  the  guiding  basalt  while 
still  in  such  force  as  to  be  driven  farther :  it  has  then  broken 
across  the  strata  until  it  reached  the  Lower  Lias  limestone,  and 
there  entirely  lost  the  sill  habit. 

Any  want  of  correspondence  with  the  bedding  of  the  contiguous 
Tocks  is  connected  in  these  composite  sills,  as  in  the  ordinary  basic 
sills  of  the  district,  with  imperfect  development  of  the  bedding- 
planes  themselves  as  diWsional  planes.  The  example  at  Camas 
Geadaig  in  Scalpay,  where  the  country  rock  is  a  coarse  Torridon 
Sandstone,  is  an  illustration  of  this.  It  preserves  very  well  the 
regular  sheet  form,  but  does  not  follow  the  stratification  of  the 
sandstone  (Fig.  43). 

The  most  common  departure  from  the  typical  bilateral  symmetry 
in  these  composite  sills,  and  one  to  be  observed  more  frequently  in 
certain  dykes  of  like  habit,  is  an  irregularity  in  appearance  only. 
This  is  the  absence,  for  some  distance,  of  one  or  other  (rarely  both) 
of  the  flanking  basalts,  and  it  arises  merely  from  the  granophyre 
magma  having  totally  destroyed  the  continuity  of  the  basalt. 
Such  breaks  frequently  occur  for  a  short  distance,  the  fomier 
presence  of  the  basalt  being  attested  by  abundant  xenoliths  of  it  in 
the  marginal  part  of  the  granophyre.  These  xenoliths,  however, 
are  themselves  evidently  in  various  stages  of  dissolution,  and  are 
sometimes  represented  merely  by  obscure  debris  in  a  matrix  modi- 
fied by  the  absorption  of  basalt  material.  It  is  easy  to  believe  that 
in  ^'ome  circumstances  all  trace  of  the  xenoliths  may  have  disap- 
peared and  their  substance  been  distributed  through  the  general 
body  of  the  granophyre.  The  flanking  basalt  sheets  are  never 
wanting  in  the  smaller  composite  sills,  but  only  in  those  in  which 
the  acid  rock  attains  a  very  considerable  volume. 

Another,  but  rarer,  departure  from  the  regular  type  consists  in 
the  interpolation  of  relics  of  an  additional  basic  sheet  in  the 
interior  of  the  granophyre.  A  basalt  in  this  position,  invaded  on 
both  sides  by  the  corroding  ac^d  magma,  would  doubtless  be 
readily  destroyed,  and  the  relics  of  this  kind  that  we  have  observed 
are  of  a  very  fragmentary  sort.  Only  two  instances  are  to  be  cited 
from  our  area,  and,  since  they  seem  to  illustrate  two  different 
cases,  we  may  mention  them  more  particularly.  One  example  is 
presented  by  the  large  composite  sill  of  Carn  Deai-g,  near  Suishnish. 
As  now  exposed,  this  is  of  the  nature  of  an  outlier,  in  that  its 
present   extent  of  nearly  a  square  mile  is  determined  in  every 
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direction  by  the  progress  of  erosion,  which  has  also  removed  all  the 
upperportion  (see  Fig.  45,  p,211).  Bound  the  greater  part  of  the 
circumference  there  is  seen  merely  a  single  sheet  of  basalt,  usually 
6  to  10  feet  thick,  forming  the  base  of  the  much  thicker  granophyre; 
but  at  places  on  the  south  side  we  find  relics  of  two  other  basic 
sills  enveloped  in  the  lower  part  of  the  granophyre  mass.  They 
differ  petrographically  from  the  type  of  basalt  which  forms  the 
lower  sheet  and  ia  found  in  these  peculiar  composite  sills  elsewhere; 
and  it  is  probable  that  their  inclusion  here  is  only  an  accidental 
circumst^ce.  We  may  suppose  that  in  this  case  a  triple  or 
perhaps  quadruple  basic  sill  was  invaded  by  an  overwhelming 
volume  of  acid  magma,  and  that  only  the  lowest  basic  member  (and 
probably  the  highest  one,  now  removed  by  erosion)  had  a  genetic 
relationship  with  the  acid  rock. 

In  the  Cam  Dearg  occurrence  the  departure  from  the  usual 
arrangement  is  of  an  unayrametrical  order,  but  in  the  other  case  to 
be  noted  tlie  regular  symmetry  is  preserved,  and  the  explanation  is 
of  a  different  kind.  This  is  the  quintuple  composite  sill  of 
Allt  an'  fc-Sithean,  near  Sligochan  (Fig.  44),      Its  shape  is  that 


Fio.  44.— Section  ncross  Allt  an  't-Sithean  and  through  Cnoc  an  't-Sitheun, 
ftbout  Ji  n'ile  N.N.  W,  ot  Sligachan,  to  show  the  relations  of  the  basalt 
(black)  and  granophyre  (white)  in  the  quintuple  composite  laccolith. 
The  intrusion  occurs  in  the  basaltic  lava  group,  and  one  of  the  ordinary 
dolerite  oilla  is  shown  lower  down.  The  triple  composite  dyke  which 
has  probably  fed  the  laccolite  does  not  appear  in  this  section,  but  some 
later  basic  dykes  of  simple  habit  are  shown,  and  *hese  in  some  oases 
have  failed  to  penetrate  the  thick  mass. 

of  a  laccolite  rather  than  a  sill,  owing  to  the  lenticular  form 
assumed  by  the  granophyre  portion,  which  is  traceable  for 
only  400  or  500  yards  along  the  strike.  The  masimuni  thick- 
ness of  the  whole  is  perhaps  150  feet,  the  greater  part  of  which  is 
granophyre ;  but,  in  addition  to  the  upper  and  lower  basalti, 
a  thin  sheet  ia  seen  in  the  middle  of  the  granophyre,  running 
for  300  yards  or  more.  It  is  greatly  metamorphosed  and  corroded 
into  xenoliths,  and  it  dies  out  in  every  direction  before  the 
granophyre. 

One  of  the  most  remarkable  features  of  these  peculiar  symmetrical 
composite  sills  has  yet  to  be  mentioned,  and  a  full  account  of  it 
will  be  deferred  to  the  next  chapter.  Not  only  does  the  later  rock, 
the  granophyre  or  other  acid  type,  carry  xenoliths  of  the  earlier 
basic  one,  but  the  earlier  rock  also  encloses  at  least  xenocrysts  from 
the  later.     These  are  seen  as  crystals  of  alkali-felspars  and  grains 
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of  quartz  scattered  through  the  basalt,  especially  near  its  junction 
with  the  acid  rock.  Moreover,  while  the  granophyre  has  locally 
been  rendered  less  acid  by  incorporating  in  its  magma  dissolved 
d6bris  of  basalt,  the  basic  rock  has  been  modified  in  the  opposite 
sense,  and  usually  to  a  greater  degree,  by  absorbing  acid  material. 
Indeed  much  of  the  rock  which  we  have  for  convenience  been 
styling  basalt  has  petrographically  no  right  to  that  title,  being 
much  more  acid  than  any  normal  basalt.  That  the  derived  acid 
material,  whether  displayed  as  xenocrysts  or  absorbed,  comes  in 
great  part  from  the  contiguous  acid  rock  will  be  made  sufficiently 
clear  in  the  sequel.  The  crystals  of  alkali-felspars  and  grains  of 
quartz  in  the  "  basalt,"  like  the  basic  xenoliths  in  the  granophyre, 
become  progressively  more  abundant  towards  the  ba8alt-granoph)'re 
junction ;  and  it  is  often  evident,  even  when  the  dividing  line  is 
sharply  defined,  that  the  basic  rock  becomes  more  acid  and  the 
acid  rock  more  basic  towards  the  contact  of  the  two.  Only  in 
certain  extreme  cases  does  the  sharp  di\nsion  fail,  and  the  two 
rocks  appear  to  graduate  into  one  another  without  any  interruption. 

At  several  places  within  the  cui'ved  belt  of  country  which 
includes  the  symmetrical  composite  sills  of  the  Cnoc  C^mach  type 
there  occur  triple  composite  dykes  with  like  symmetrical  constitution, 
consisting  of  the  same  pair  of  rocks  with  the  same  remarkable 
mutual  reactions.  The  association  of  the  dykes  with  the  sills  is  of 
so  close  a  kind  as  to  leave  little  or  no  doubt  that  the  former  are,  or 
have  been,  continuous  with  the  latter,  and  have  served  as  feeders  to 
them.  Immediately  south  of  Loch  na  Starsaich,  a  tarn  lying  to  the 
north  of  Heast,  a  triple  composite  dyke  can  be  followed  for  about 
400  yards  in  an  E.N.E.-W.S.W.  direction,  with  a  maximum  width 
of  over  100  feet.  Westward  it  ends  abruptly  before  reaching  the 
neighbouring  tarn  Loch  an  Eilean  ;  but  eastward  it  can  be  followed 
to  within  a  very  short  distance  of  a  composite  sill  which  is  exposed 
just  east  of  Loch  na  Starsaich.  Just  below  the  outlet  of  Loch  an 
Eilean  a  similar  dyke  is  seen,  with  the  same  bearing,  and 
this  is  visibly  continuous  with  a  composite  sill  exposed 
for  some  400  yards  immediately  south  of  the  tarn.  Another,  seen 
250  yards  east  of  Loch  na  Starsaich,  is  continuous  with  the  Cnoc 
Carnach  sill.  In  all  these  dykes  granophyre  is  the  predomi- 
nant rock.  The  first  one  is  flanked  on  both  sides  by  basalt,  but  not 
continuously,  the  basic  rock  being  represented  in  most  places  only 
by  xenoliths  in  the  marginal  part  of  the  granophyre.  The  second 
and  third  dykes  have  a  border  of  basalt  on  the  north  side  but  not 
on  the  south.  This  imperfection  is  probably  attributable  to  the 
caustic  action  of  the  acid  magma  on  the  basalt,  which  has  in 
general  been  decidedly  more  energetic  in  the  dykes  than  in  the 
sills.  Eegarding  the  dykes  as  marking  the  channels  which  fed  the 
sills,  this  difference  may  be  ascribed  to  difference  of  temperature, 
the  magma  losing  heat  continually  as  it  penetrated  first  through 
and  then  along  the  strata. 

In  other  cases  we  find  large  dykes  which  are  in  visible  continuity 
with  the  composite  sills,  but  which  are  simply  granophyre  dykes 
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^vithoat  encasing  basalt,  at  least  on  the  side  which  is  exposed.  In 
the  light  of  what  has  just  been  said  it  seems  probable  that  here  too 
pre-existing  basalt  dykes  have  been  entirely  devoured  by  the 
granophyre  magma  to  which  they  served  as  guides.  On  the  west 
Sank  of  Cnoc  C&mach  the  granophyre  of  the  composite  sill  which 
builds  the  ridge  is  succeeded  by  its  upper  basalt,  running  nearly 
N.-S.  and  dipping  to  the  west.  About  200  yards  west  of  Loch  a' 
Mhullaich,  however,  the  boundary  suddenly  takes  a  turn  to  the 
W.S.W.  and  becomes  vertical,  the  basalt  disappearing.  This 
continues  for  more  than  200  yards,  the  vertical  nature  of  the  wall 
of  granophyre  being  further  proved  by  its  crossing  undisturbed  a 
fault  which  causes  a  considrrable  displacement  in  the  Liassic  strata. 
Then  the  boundary  turns  again,  and  the  basalt  reappears  witli  the 
same  low  dip  as  before.  Here  erosion  seems  to  have  brought  to 
light  the  position  of  a  portion  of  the  channel  which  fed  the  grano- 
phyre sill  and  probably  also  the  basalt  sill  which  preceded  it.  A 
precisely  similar  thing  is  seen  on  the  northern  edge  of  the  Cam 
Dearg  composite  sill,  just  west  of  Loch  Fada  (Fig.  45). 
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Fig  46  Section  actosb  the  compoa  te  eill  of  Cam  Dearg  near  SuiahruBh. 
Scale,  6  inches  to  a  mile.  G,  granophyre  of  sill ;  B,  lower  basalt 
member  ;  D,  supposed  dyke-feeder  of  Hill ;  P,  later  independent  intru- 
sion of  rock  varying  from  olivine-gabbro  to  picrite  (see  Ctuip.  XXII.). 

In  every  case,  where  composite  sills  are  found,  there  is  a  dyke  of 
the  kind  under  discussion  at  no  great  distance.  The  Allt  an' 
t-Sithean  sill,  for  example,  is  situated  far  from  the  others  and,  as 
remarked,  among  the  basaltic  lavas.  No  dyke  which  can  represent 
its  feeder  is  seen  in  visible  continuity  with  it,  but  300  or  400 
yards  to  the  north  and  pointing  towards  the  sill  there  is  a  hand- 
some triple  composite  dyke  some  fifty  yards  wide  and  with  the 
typical  characteristics.  All  these  remarkable  dykes  are  wide  but 
short,  and  obey  no  evident  rule  as  regards  direction,  in  several 
instances  running  almost  at  right  angles  to  the  generality  of  dykes 
in  the  district.  They  consist  typically  of  a  wide  granophyre  dyke 
in  the  centre  flanked  by  two  narrower  borders  of  basic  composi- 
tion. More  frequently  than  in  the  sills  this  symmetrical  disposi- 
tion is  disguised  or  lost  by  the  destruction  of  one  or  both  of  the 
basic  margins;  but  the  other  kind  of  departure  from  the  ideal 
type,  viz,  the  interpolation  of  additional  basic  members  in  the 
midst  of  the  granophyre,  is  not  found  in  the  dykes.  This  may  be 
due  to  the  same  cause,  the  more  intense   corrosive  action  of  the 
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acid  magma.  In  all  cases  where  the  flanking  basic  members  are 
preserved  they  are  found  to  be  much -corroded  at  their  contact 
with  the  granophyre,  to  which  they  have  furnished  material  in 
the  form  of  xenoliths,  etc.  This  clearly  distinguishes  these 
triple  composite  dykes  associated  with  the  sills  from  the  others 
already  referred  to,  in  which  the  triple  symmetry  may  be 
regarded  as  accidental.  Of  one  of  these  latter,  at  Market  Stance, 
Broadford,  Sir  A.  Geikie*  has  remarked  that  "  the  several  parts  of 
the  dyke  are  as  distinctly  marked  off  from  each  other  as  they 
could  have  be^n  had  they  been  injected  at  widely  separated 
intervals  of  volcanic  activity." 

The  petrographical  characters  of  the  composite  dykes  associated 
with  the  Cnoc  Ciirnach  group  resemble  those  of  the  sills  them- 
selves, and  the  same  curious  phenomena  of  admixture  are  to  be 
seen.  These  will  be  discussed  in  the  following  chapter.  In  this 
place,  however,  we  shall  briefly  notice  certain  other  intrusions 
which  may  be  distinguished  as  imperfectly  symmetrical  composite 


Fio.  46. — Sketch-map  of  i\  small  area  in  the  interior  of  the  Isle  of  Scalpay  : 
explanation  in  the  text. 

dyl'es.  These  are  not  connected  with  sills,  but  constitute  independ- 
ent intrusive  bodies.  In  ceiiain  parts  of  their  course  they 
present  a  composite  structure  with  the  regular  triple  S3^mmetrj% 
but  elsewhere  they  are  imperfect  owing  to  the  dt'fect  of  the  acid, 
or  less  commonly  of  the  basic  member.  Since  it  appears  doubtful 
on  a  first  considen-atitni  whether  these  dykes  hiliould  ])e  asssigned 
to  the  esr^entially  symmetrical  or  to  the  unsymmetrical  type,  it 
may  be  profital)le  to  t^xamine  them  more  particularly.  They  are 
best  exhibited  in  the  district,  consistintj:  of  Torridonian  grits  and 
studded  by  numerous  tarns,  in  the  c(»ntre  of  the  Isle  of  Scalpay. 
Here  the  dykes  are  of  moderate  width,  with  a  general  E.-W. 
direction  and  a  more  or  less  pronounced  hade  to  the  south.  The 
component  rocks  are  a  spherulitic  granophyre  and  a  basalt,  of 
which  the  latter  is  the  more  persistent.     It  is  of  iniiform  aspect 
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on  a  fresh  fracture,  but  a  weathered  face  shows  numerous  inisty 
sub-angular  patches  in  basso-relievo,  indicating  xenoliths  of  a  not 
very  different  rock.  There  are  also  scattered  porphyritic  crystals 
of  felspar.  Two  of  the  dykes  are  shown  on  the  small  map  (Fig. 
46).  It  will  be  seen  that  they  are  remarkable  for  their  sinuous 
course  and  also  for  frequent  interruptions  of  continuity,  i.e.  as 
regards  the  outcrop  at  the  surface. 

The  first,  at  its  eastern  end,  at  Loch  an  Ledid,  has  for  some 
distance,  A  B,  the  typical  arrangement,  viz.  a  granophyre  dyke 
flanked  on  each  side  by  a  narrower  dyke  of  basalt.  Farther  west 
there  are  interruptions  of  continuity,  and  the  granophyre  is  not 
seen  again ;  but  the  unmistakable  xenolithic  basalt  reappears  in 
three  detached  exposures,  C,  D,  E.  The  second  dyke  is  seen 
continuously  exposed  for  800  yards,  from  F  to  K,  with  only  one 
slight  interruption,  where  it  is  displaced  about  15  yards  north- 
ward ;  and  throughout  this  extent  it  has  the  typical  constitution. 
At  H  the  granophyre  is  10  feet  wide,  the  northern  basalt  2  feet, 
and  the  southern  one  1  foot.  At  G  an  additional  basaltic  member 
is  added  at  the  northern  edge.  This  is  non-xenolithic,  about  10 
inches  wide,  and  sharply  divided  from  its  neighbour:  it  is 
probably  a  later  intrusion.  East  of  the  continuous  exposure  two 
detached  portions,  L  and  M,  show  the  triple  symmetry  as  before, 
the  granophyre  being  7^  feet  wide  and  each  of  the  basalts  1  foot ; 
but  beyond  this  we  find  only  some  small  isolated  outcrops  of  the 
basalt  alone,  at  N,  and  of  the  granophyre  alone,  at  O.  Westward  a 
single  small  outcrop  of  the  characteristic  xenolithic  basalt  was 
observed  at  P  :  this  may  belong  to  one  or  other  of  the  two  dykes. 
Another  dyke  of  the  same  group,  nearly  on  the  line  of  the  second 
one,  crosses  the  northern  end  of  Loch  a'  Mhuillin,  just  outside  the 
eastern  border  of  the  small  sketch-map.  On  the  east  side  of  the 
tarn  it  has  the  typical  triple  constitution ;  on  the  west  side  the 
acid  rock  is  not  present  as  a  distinct  member,  but  is  represented 
by  a  network  of  veins  traversing  the  basalt. 

These  dykes  may  be  taken  as  representatives  of  a  number  of 
others,  specially  well  exhibited  in  the  central  and  eastern  parts  of 
Scalpay,  and  their  phenomena  are  very  instructive  for  comparison 
with  those  of  the  typical  composite  dykes  with  triple  symmetry 
throughout.  The  fact  that  incompleteness  of  constitution  is 
found  associated  with  a  sinuous  line  of  outcrop  and  frequent 
breaches  of  continuity  is  doubtless  significant.  In  dykes  in 
general  these  two  latter  features,  and  especially  the  last,  seem 
constantly  to  indicate  the  upward  dying  out  of  the  intrusions,  the 
present  surface  of  the  ground  passing  nexir  the  upward  limit  of  the 
dykes,  in  one  place  below  and  in  another  place  above  that  limit. 
In  these  composite  dykes  it  appears  that  the  acid  member  was 
liable  to  die  out  before  the  basic,  in  the  vertical  as  well  as  in  the 
horizontal  direction.  In  the  first  dyke  noticed  the  complete  triple 
portion  is  exposed  at  about  600  feet  above  sea-level,  and  the 
portions  consisting  of  basalt  alone  at  about  800  to  1000  feet. 
The  second  dyke  does  not  illustrate  the  point  in  the  same  way,  for 
the  complete)  portion,  from  F  to  M,  runs  at  an  altitude  of  between 


214  Composite  Dykes  on  Scalpay. 

900  and  1000  feet,  while  the  separate  outcrops  of  basalt  and 
granophyre  at  N  and  O  are  from  50  to  100  feet  lower.  As  will 
be  shown  in  a  later  chapter,  however,  the  flow  of  molten  magma 
in  a  dyke-fissure  is  not  necessarily  directly  upward,  but  may  take 
a  direction  considerably  inclined  to  the  vertical  and  even  in 
places  approaching  the  horizontal.  These  imperfect  composite 
dykes  occur  on  the  verge  of  the  area  affected  by  the  typical 
composite  intrusions  of  the  symmetrical  kind,  and  incline  down- 
ward in  the  direction  of  that  area.  We  may  further  suppose 
that  when  the  intruded  acid  magma  reached  a  point  where  it  was 
nearly  spent,  its  temperature  had  become  considerably  lowered ; 
and  accordingly  these  dykes  do  not  present,  at  least  to  inspection 
in  the  field,  any  clear  signs  of  reaction  between  the  basic  and 
acid  members. 

The  tendency  of  an  acid  magma  to  be  guided  by  a  pre-existing 
basic  dyke  or  sill  is,  as  we  have  seen,  a  very  general  principle 
among  all  the  rocks  of  our  area.  This  tendency  is,  however, 
greatest  in  the  case  of  the  granophyres  belonging  to  the  Cnoc 
OAmach  group  where  they  have  encountered  the  xenocryst- 
bearing  basalts  of  the  same  group.  In  this  case  we  may  even 
find  a  granophyre  sheet  sending  out  an  offshoot  along  a  basalt 
dyke.  An  instance  of  this  exceptional  phenomenon  is  seen  on  the 
north  side  of  Beinn  a'  Oh^irn,  about  500  yards  N.W.  of  the 
summit.  Here  for  some  distance  the  lower  basalt  of  the  large 
composite  sill  has  been  destroyed ;  but  there  is  a  basalt  dyke  of 
the  type  in  question,  which  has  probably  served  as  feeder  for  this 
and  the  neighbouring  smaller  sills  at  a  lower  horizon,  the  acid 
magma,  however,  having  in  this  case  risen  through  some  other 
channel.  The  dyke  terminates  at  the  base  of  the  thick  granophyre 
sheet  of  Beinn  a  Ch^im,  and  this  has  given  off  a  tapering  tongue 
which  follows  for  a  short  distance  the  edge  of  the  basalt  dyke. 
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CHAPTER  XIII. 
Composite  Sills  and  Dykes:  Detailed  Description. 

Having  considered  the  general  characteristics  of  the  peculiar 
composite  intrusions  with  symmetrical  habit,  and  obtained  some 
partial  conception  of  their  geological  relations  and  their  significance 
as  members  of  the  great  suite  of  Tertiary  igneous  rocks  of  the 
Skye  centre,  we  have  next  to  describe  the  characters  of  the  rocks 
which  constitute  these  intrusive  bodies.  These  include  primarily 
some  of  thoroughly  acid  and  others  of  thoroughly  basic  composi- 
tion, but  the  petrographical  interest  attaches  chiefly  to  the 
remarkable  reactions  which  these  closely  associated  rocks  have 
exercised  upon  one  another.  These  reactions  have  resulted,  in 
varying  degree,  in  a  certain  acidification  of  the  basic  rocks  and  a 
correlative  basification  of  the  acid  rocks;  but  such  a  rough 
characterisation  expresses  only  iu  a  general  way  the  modifications 
of  the  bulk-composition  of  the  respective  rocks,  the  actual  pheno- 
mena being  of  a  complex  kind.  The  exti'eme  result  of  inter- 
mingling, however  effected,  has  been  in  certain  cases  the  production 
locally  of  rocks  of  mean  acidity,  but  normal  intermediate  rock- 
types  do  not  occur.  The  peculiar  mutual  relations  of  the  basic  and 
acid  members  will  be  best  illustrated  by  describing  the  distinct 
occurrences  severally,  and  only  a  few  preliminary  remarks  on  the 
petrography  of  the  acid  and  basic  members  will  be  necessary. 

In  all  but  one  case — the  composite  sill  of  Eudh'  an  Eireannaich, 
to  be  described  later — ^the  normal  acid  rocks  fall  under  one  general 
head.  The  common  type  is  a  granophyre  of  an  ordinary  kind  and 
with  a  chemical  composition  not  differing  in  any  essential  from 
that  of  the  large  plutonic  masses  of  the  R^  Hills.  This  appears 
from  an  analysis  already  given  in  Chapter  X.  and  here  reproduced 
(column  I.).  The  rock  selected  for  analysis  is  a  granophyre  of  a 
spherulitic  type,  and,  in  addition  to  phenocrysts  of  felspar  and 
quartz,  contains  green  hornblende,  both  as  little  crystals  and  as 
slender  rods.  Such  rocks,  except  that  augite  sometimes  takes  the 
place  of  liomblende,  constitute  the  acid  members  of  these  composite 
sills  and  dykes  in  general.  There  are  variations  in  micro-structure, 
the  spherulitic  arrangement  becoming  in  some  cases  more  pro- 
nounced and  regular,  or  in  other  cases  the  granophyric  giving 
place  to  a  merely  granular  structure.  Such  variations  are  found  in 
the  ordinary  minor  acid  intrusions  of  the  district,  and  do  not 
necessarily  import  any  special  conditions ;  but  it  is  possibly  not 
without  significance  that  in  the  composite  intrusions  a  change  from 
a  granophyric  to  a  microgranitic  structure  is  often  associated  with  a 
modification  of  the  acid  rock  by  the  inclusion  of  basic  material. 
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The  basic  rocks  studied  present  wider  variation,  but  this  is  due 
to  the  difficulty  in  many  cases  of  finding  a  specimen  which  can 
with  confidence  be  regarded  as  representing  the  normal  rock.  We 
have  ali-eady  seen  that  in  these  composite  intrusions  the  acid 
member  is  always  in  considerably  greater  volume  than  the  basic, 
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I  Hornblende-Granophyre  [7064],  Beinn  a'  Chaim,  3^  miles 
S.  by  W.  of  Broad  ford :  anal.  W.  Pollard,  Svmviary  of 
Froi/ress  for  1899,  p.  173.  (The  Gl  here  and  the  P^Og  and 
CI  in  the  next  analysis  have  been  inserted  subsequently. 
Fluorine  and  sulphur  sought  but  not  found.) 

A.  Hornblende-Granophyre  [7121],  Druim  Eadar  da  Choi  re : 
anal.  W.  Pollard,  Ihid.,  p.  174.  This  is  from  part  of  the 
great  plutonic  mass  of  the  lied  Hills,  and  is  quoted  here  to 
show  its  substantial  identity  with  the  preceding. 

and  it  lias  resulted  from  this  that  the  basic  rocks  are  liable  to  be 
nnich  more  radically  modilied  in  composition  than  the  acid,  and  are 
often  com})letely  disguised.  Those  of  them  which  have  not  suffered 
in  this  way  have,  however,  in  general  well-marked  characteristics 
connnon  to  them  as  a  grou]).  They  are  basalts  or  fine-grained 
doleritt'S,  of  thoroughly  basic  composition  but  without  olivine. 
The  structure  is  usually  the  micro-ophitic,  though  '*  granulitic " 
varieties,  in  Professor  Judd's  sense  of  the  woi'd,  are  not  wanting. 
They  resemble  in  these  respects  the  commonest  type  of  basic  sills 
in  Skye,  which,  as  we  shall  see  later,  are  found  in  extraordinary 
profusion  in  the  north-western  portion  of  the  island,  fur  from  any 
acid  rocks.  They  differ,  however,  from  those  in  that  they  are 
generally  porphyritic,  enclosing  conspicuous  felspar  crystals,  which 
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probably  have  not  always  the  same  significance.  In  some  cases,  as 
we  shall  see,  the  inclusion  of  felspar  crystals  is  one  feature  of  the 
special  modification  of  the  basic  sills  in  contact  with  the  accom- 
panying acid  rocks.  More  usually  the  felspars  must  have  been 
introduced  with  the  basic  magma  itself,  but  even  in  this  case  there 
are  circumstances  which  prove  that  some  of  the  crystals  are  not 
normal  constituents  formed  from  the  magma.  In  these  respects 
the  phenomena  recall  those  of  the  marscoite  of  Glamaig  and  other 
places,  as  described  in  Chapter  XI.,  but  there  are  differences  of 
degree,  if  not  of  kind.  The  peculiarities  of  the  marscoite  resulted 
from  processes  effected  prior  to  intrusion,  and  only  in  a  less  degree 
from  reactions  with  an  acid  magma  after  intrusion ;  in  the  rocks 
now  under  consideration  the  reverse  was  the  case.  We  shall 
employ  the  name  "basalt"  for  these  rocks  notwithstanding  the 
abnormal  characters  which  they  so  frequently  exhibit. 

We  shall  briefly  describe  the  several  composite  intrusions  of  this 
group  in  order  from  south  to  north.  This  order  will  have  the 
advantage  of  introducing  us  by  degrees  to  the  more  peculiar  effects 
of  mutual  reactions  between  the  associated  rock-types.  We  refer 
here  to  special  modifications  affecting  the  constitution  of  both  the 
rocks  involved.  Of  mere  bodily  destniction  of  the  earlier  basic  by 
the  later  acid  intrusion  the  southerly  occurrences  present  more 
striking  instances  than  the  northerly,  owing  to  their  larger  size 
and  to  the  greater  preponderance  of  the  acid  over  the  basic  rock  in 
respect  of  volume. 

The  first  of  the  composite  sills  to  be  noticed  is  that  of  Cam 
Dearg,  near  Suishnish  Point,  with  its  small  outlier  forming  the 
summit  of  Beinn  Bhuidhe.  Apart  from  the  picrite  below,  which 
gives  rise  to  a  prominent  feature  on  the  sea-ward  slope,  but  is 
probably  an  entirely  independent  and  later  intrusion,  this  occur- 
rence presents  some  degree  of  complexity  as  regards  field-relations. 
The  granophyre  which  is  the  principal  member  not  only  has  a 
thinner  basic  sill  below  (besides  probably  one  above,  now  removed 
by  erosion),  but  also  encloses  relics  of  others  enveloped  in  its 
interior.  It  appears  that  a  multiple  basic  sill  was  here  invaded  by 
an  overwhelming  volume  of  acid  magma,  which  separated  the 
several  members  and  in  great  part  corroded  and  destroyed  them. 
There  are  nevertheless  indications  that  the  lowest  basalt  sill  holds 
a  more  intimate  relationship  with  the  granophyre  than  the  other 
basic  members  do,  and  is  of  later  age,  having  preceded  the  acid 
intrusion  by  a  brief  interval  only. 

•  The  granophyre  shows,  except  at  its  base,  no  noteworthy 
peculiarity  [3188].  The  underlying  basic  member  is  a  porphyritic 
basalt  or  fine-textured  dolerite,  without  olivine.  It  has  a  micro- 
ophitic  structure,  and,  without  the  porphyritic  elements,  would  be 
identical  with  a  common  type  among  the  ordinary  basic  sills  of  the 
"  great  group"  to  be  described  in  a  later  chapter.  The  porphyritic 
crystals  are  felspars,  and  are  of  two  kinds.  Some  are  labradorite, 
and  are  quite  clean  and  fresh ;  the  others  give  lower  extinction- 
angles,   and  are  crowded  in   the  interior   with   glass-inclusions, 


i 


218  Composite  Sill  of  Cam  Dearg, 

presumably  of  secondary  origin  [7072],  The  latter  are  doubtless 
in  some  sense  xenocrysts.  Another  feature  found  here,  as  in 
many  of  the  basic  sills  of  this  group,  is  the  occurrence  of  little 
patches  which  appear  to  be  microscopic  druses.  They  consist  of 
quartz  with  good  crystal-faces  and  crystalline  calcite  filling  in  the 
interspaces.  This  rock,  with  a  specific  gravity  2*86,  is  from  a 
place  beyond  the  direct  modifying  influence  of  the  acid  intrusion. 
At  its  junction  with  the  overlying  granophyre  the  basalt  is 
obviously  much  corroded,  and  xenoliths  of  it  occur  plentifully  in 
the  acid  rock.  These  xenoliths  [7068]  differ  from  the  basalt  in 
place  chiefly  in  the  presence  of  a  certain  amount  of  interstitial 
quartz,  whicli  must  be  ascribed  to  an  impregnation  by  the  acid 
magma.  The  acid  rock  contiguous  with  the  xenoliths  is  very 
noticeably  modified  :  it  not  only  loses  its  granophyric  structure,  as 
is  very  generally  the  case  in  these  circumstances,  but  is  rendered 
decidedly  less  acid  in  composition.  The  ferro-magnesian  element 
(now  chloritised)  is  in  greater  abundance,  and  in  some  places  the 
basification  is  such  that  a  quartz  grain  has  been  surrounded  by  a 
green  cori'osion-border. 

The  discontinuous  relics  of  basic  sheets  involved  in  the  body  of 
the  granophyre  show  some  variety.  One  is  a  basalt  of  specific 
gravity  2'83  with  small  porphyritic  felspars.  Besides  the  micro- 
scopic druses  already  noticed,  it  has  a  few  small  round  vesicles, 
sometimes  filled  with  a  felsitic-looking  substance  which  may  repre- 
sent the  granophyre  magma.  In  other  respects  there  is  no 
peculiarity  [7073].  Another  sheet  is  represented  by  specimens  of 
a  porphyritic  dolerite  of  sp.  gr.  2*89  and  a  rather  coarser  example 
of  sp.  gr.  2*92,  whicli  are  quite  normal  in  their  characters,  though 
metamorphism  has  given  rise  to  a  considerable  amount  of  green  and 
brownish -green  hornblende  [7074,  7075].  In  these  rocks  there  has 
been,  at  least  in  general,  no  transfusion  of  the  acid  magma  causing 
acidification. 

A  specimen  [3210]  among  the  older  collections  of  the  Geo- 
logical Survey,  labelled  as  from  a  sill  beneath  the  granophyre  of 
Carn  Dearg,  is  probably  from  a  distinct  intrusion,  but  we  have  not 
identified  the  locality.  It  is  a  quartz-dolerite  with  interstitial 
micropegmatite.  Although  such  rocks  occur  in  some  other  regions 
as  normal  products  of  magniatic  differentiation  and  ciystallisation, 
its  presence  here  as  a  unique  occurrence  is  probably  significant. 
If  it  is  to  be  regarded  as  a  hybrid  rock,  it  most  likely  represents 
the  result  of  admixture  prior  to  intrusion. 

The  Beinn  cC  Chalrn  mass  consists,  in  its  present  eroded  state, 
merely  of  a  thick  sheet  of  liornblende-granophyre  with  a  few  feet 
of  basalt  at  the  base.  The  former  rock  sends  veins  into  the  latter, 
and  encloses  near  the  junction  abundant  xenoliths  of  it;  while  the 
basic  rock  is  nuicli  corroded  by  the  acid,  and,  as  at  Carn  Dearg,  is 
in  some  parts  of  the  boundary  totally  destroyed.  The  granophyre, 
away  from  the  junction,  is  the  quite  normal  acid  rock  of  which  we 
have  given  a  chemical  analysis  above.  The  underlying  basalt  is  a 
dark  fine-grained  rock  of  specific  gravity  2*90  to  2*91,  free  from 
olivine,  and  with  micro-ophitic  structure,  like  the  corresponding 
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rock  at  Cam  Dearg.  The  scattered  porphyritic  felspars,  however, 
present  points  of  difference.  They  are  of  labradorite,  the  more  acid 
variety  being  apparently  rare  or  wanting;  but  these  labradorite 
crystals  are  much  fissured,  as  if  by  heat,  and  contain  the  round 
glass-inclusions  elsewhere  found  to  characterise  xenocrysts  (Fig. 
47,  C). 

The  contact-phenomena  are  more  remarkable  than  in  the  former 
case,  the  xenoliths  of  basalt  in  the  granophyre  being  more  highly 
modified.  They  contain  quartz  not  only  interstitially  and  in  the 
usual  microscopic  druses,  but  also  as  rounded  grains  with  the 
characteristic  green  corrosion-border  (Fig.  47,  H,  K).  They  also 
enclose  very  turbid  crystals  of  acid  felspars,  oligoclase  with  some 
orthoclase  (Fig.  47,  F).  Since  the  xenoliths  have  undoubtedly 
been  detached  in  the  first  place  from  the  immediately  adjacent 
basalt  sheet,  in  which  no  such  abundant  quartz-grains  and  alkali- 
felspars  occur,  these  elements  can  only  have  been  introduced  into 
the  xenoliths  from  the  surrounding  acid  magma  in  which  they  did 
and  do  occur.  This  implies  that  the  xenoliths  have  been  in  an 
effectively  fluid  state  within  the  fluid  acid  magma,  without 
mingling  fi-eely  with  it  and  losing  their  identity.  Similar 
phenomena  have  been  described,  and  a  like  interpretation  given, 
by  Professor  Grenville  Cole*  in  the  case  of  a  composite  triple  dyke 
at  Glasdrummon  Port,  County  Down ;  and  some  of  the  junctions 
of  marscoite  with  granophyre  described  above  present  somewhat 
analagous  phenomena.  The  fusion  of  the  basalt  offers  no  difficulty, 
and  indeed  it  is  by  no  means  certain  that  these  xenoliths  were 
completely  consolidated  when  the  acid  magma  picked  them  up ; 
the  remarkable  feature  is  that  the  xenoliths,  though  often  partially 
rounded,  still  preserve  a  sharp  boundary  against  their  matrix. 
When  they  were  sufficiently  fluid  to  permit  not  only  molecular 
diffusion  but  the  bodily  entrance  of  foreign  crystals,  it  might  have 
been  expected  that  they  would  become  completely  merged  in  their 
surrounding. 

The  acid  rock  near  the  junction,  at  least  where  it  encloses  basalt 
xenoliths,  is  very  sensibly  modified.  In  most  places  it  becomes  a 
quartz-porphyry  instead  of  a  granophyre,  and  its  felspar  pheno- 
crysts  assume  rather  rounded  outlines.  The  ferro-magnesian 
mineral  here  is  a  pale  green  augite,  though  in  the  altered  xenoliths 
it  is  hornblende  [7066,  7067].  The  conditions  which  have 
governed  the  formation  of  one  or  other  of  these  minerals  might 
furnish  an  inquiry  of  some  interest,  but  unfortunately  both  are 
often  replaced  by  chlorite,  and  in  that  form  frequently  indis- 
tinguishable. A  noteworthy  point  is  the  occasional  occurrence  of 
an  augite  crystal  showing  the  basal  striation  suggestive  of  deriva- 
tion from  gabbro. 

We  may  notice  in  passing  the  composite  triple  dyke  immediately 
south  of  Loch  na  Starsaich,  Here  the  principal  rock  is  not  a 
granophyre  but  a  microgranitic  quartz-felsite.  The  phenocrysts 
are  pale  augite,  quartz,  and  felspars,  which  include  an  oligoclase- 

*Sci.  Tram,  Boy.  Dubl.  8oc.  (2),  vol.  v.,  pp.  239-248  ;  1894. 
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andesine  ;  and  all  have  rounded  outlines  [3214].  As  usual  in  these 
dykes,  the  flanking  basalts  are  in  great  part  destroyed  by  the 
acid  magma,  and  are  represented  in  many  places  only  by  xenoliths 
in  the  felsite. 

The  composite  sill  forming  the  main  ridge  of  Cnoc  Cdmach  has 
the  symmetrical  triple  arrangement,  with  both  upper  and  lower 
basalts  preserved  in  most  places.  Only  where  the  granophyre 
swells  out  to  its  thickest  in  Cnoc  Cdmach  itself  is  the  lower  basalt 
entirely  destroyed  for  about  500  yards.  The  chief  member  is  a 
homblende-granophyre  with  rather  rounded  phenocrysts  of  quartz, 
orthoclase,  and  oligoclase  up  to  about  -^  inch.  Green  hornblende, 
magnetite,  and  apatite  are  seen,  the  rest  of  the  rock  being  of  micro- 
pegmatite  [3189].  The  basic  members  are  dark  rocks  with 
scattered  porphyritic  felspars,  resembling  in  general  characters  the 
corresponding  rocks  of  Carn  Dearg  and  Beinn  a'  Chairn.  A  thin 
slice  of  the  upper  basalt  [6735]  bears  out  the  resemblance,  except 
that  the  ophitic  development  of  the  augite  is  no  longer  seen. 
There  are  phenocrysts  of  labradorite,  well  shaped  and  quite  clear, 
though  fissured  (Fig.  47,  A,  B) ;  but  also  occasional  corroded 
xenocrysts  of  quartz  and  felspar,  the  former  with  the  usual 
corrosion-border  and  the  latter  (oligoclase  and  orthoclase)  crowded 
in  their  marginal  parts  with  secondary  inclusions  and  sometimes 
deeply  corroded  (Fig.  47,  D,  G).  Since  the  basalt,  in  this 
specimen,  has  been  in  no  wise  modified  by  the  granophyre  which 
it  overlies,  these  xenocrysts  must  certainly  have  been  brought  up 
in  the  basalt  magma  itself.  It  is  clear  that  in  the  basic  rocks  of 
this  group  we  have  in  difierent  cases  acid  xenocrysts,  acquired 
perhaps  from  the  same  ultimate  source,  but  at  two  difierent 
stages.  Sometimes,  as  in  the  present  case,  they  liave  been 
enclosed  by  the  basic  magma  before  its  intrusion :  sometimes,  as  in 
some  xenoliths  already  described,  they  have  entered  the  basic 
rock  (fused  at  the  time)  after  the  intrusion  of  both  it  and  the 
acid  rock,  which  in  this  case  directly  furnished  the  xenocrysts. 
In  the  latter  case  there  is  evidently  no  reason  why  xenocrysts 
derived  in  these  two  difierent  ways  should  not  coexist;  and  we  have 
already  found  ground  for  this  supposition  in  the  parallel  instance 
of  the  marscoite  of  Sr6n  a'  Bhealain,  etc.  The  identical  characters 
presented  by  the  two  sets  of  xenocrysts  and  their  resemblance, 
except  for  corrosion-effects,  to  the  phenocrysts  of  the  granophyre, 
are  among  the  facts  which  go  to  establish  a  common  origin  and 
peculiarly  intimate  relationship  for  the  basic  and  acid  rocks 
associated  in  these  composite  intrusions. 

In  the  lower  coviposile  sill  of  Cnoc  Cdmach,  which  passes  just 
east  of  Loch  a'  Mhullaich,  the  acid  member,  an  ordinary 
hornblende-granophyre,  is  of  moderate  thickness  throughout,  and 
the  basalt  is  never  wanting  either  above  or  below.  This  is  the 
case  also  with  the  remaining  sills  northward  of  this,  which  never 
attain  the  great  thickness  of  the  more  southerly  examples. 

The  composite  sill  upon  which  the  Ileast  road  runs  for  nearly 
a  mile,  from  Aodann  Clach  to  Braigh  Skulamus,  presents  new 
points  of  interest.     The  acid  member  is,  near  its  junction  with 
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the  lower  basic  one,  a  quartz-porphyry  enclosing  in  most  places 
numerous  altered  xenoliths.  These,  as  at  Beinn  a'  Chaim,  not 
only  have  insterstitial  quartz  introduced  into  their  ground-mass, 
but  enclose  quartz-grains  similar  to  those  in  the  surrounding 
quartz-porphyry  [6733].  Xenoliths  are  much  less  frequent  at 
the  upper  junction,  and  it  appears  that  the  overlying  basalt  has, 
at  least  in  the  places  examined,  been  less  energetically  attacked 
than  the  underlying.  This  is  true  not  only  as  regards  bodily 
destruction,  but  also  as  regards  impregnation,  as  is  seen  on 
comparing  specimens  of  the  two.  The  upper  basalt  is  a  dark  rock 
of  specific  gravity  2*89,  and  a  thin  slice  [6734]  shows  no  indica- 
tion of  modification  to  be  ascribed  to  the  acid  intrusion.  There 
are,  however,  in  addition  to  clear  phenocrysts  of  labradorite  an 
occasional  grain  of  quartz  with  its  corrosion-border  of  granular 
augite  and  crystals  of  oligoclase  and  orthoclase  full  of  secondary 
glass-inclusions.  These  are  evidently  xenocrysts  picked  up  prior 
to  the  intrusion  of  the  basalt.  The  lower  *'  basalt "  is  very  different. 
It  is  a  dull -grey  rock  showing  to  the  eye  rather  numerous  grains 
of  quartz,  as  well  as  scattered  felspars  of  dead-white  colour. 
The  specific  gravity  is  only  2*69.  A  thin  slice  shows  that  xeno- 
crysts are  present  in  abundance,  and  also  that  the  general  mass  of 
the  rock  has  been  considerably  modified  in  the  sense  of  acidifica- 
tion [6732].  The  felspar  xenocrysts,  including  both  orthoclase 
and  oligoclase,  are  as  usual  crowded  with  secondary  glass-cavities 
except  in  their  central  parts  (Fig.  47,  E),  and  the  quartz-grains 
are  rounded  and  have  a  corrosion-border  of  granular  augite,  now 
replaced  by  calcite  and  chlorite.  This  last  feature,  so  characteristic 
of  foreign  quartz-grains  in  a  basic  rock,  is  not  seen  in  the  altered 
xenoliths,  where  acidification  has  proceeded  farther,  and  the  quartz 
was  more  nearly  in  chemical  equilibrium  with  its  environment. 
The  normal  micro -structure  of  the  basalt  ground-mass  is,  as 
invariably  observed  in  like  circumstances,  quite  lost,  and  a  note- 
worthy proportion  of  interstitial  quartz  is  present,  apart  from  the 
microscopic  druses  of  quartz  and  calcite  which  we  have  remarked 
in  other  examples.  It  is  evident  then  that  at  the  locality  studied, 
viz.  Creag  Bhriste,  not  only  the  basalt  xenoliths,  but  in  somewhat 
less  degree  the  basalt  in  place  beneath,  has  been  acidified  by  the 
later  magma  intruded  in  juxtaposition  with  it.  This  we  have 
already  observed  in  the  case  of  Blieinn  a'  Chairn ;  but  in  the 
present  instance  the  modification  of  the  underlying  basalt  has 
gone  farther,  for  the  rock  has  not  only  been  impregnated  with  the 
acid  magma,  but  has  also,  like  the  xenoliths,  had  xenocrysts  of 
quartz  and  alkali-felspars  introduced  into  it  at  the  same  time. 
This  can  scarcely  be  doubted  on  comparing  the  lower  with  the 
upper  basalt,  where  such  xenocrysts  are  much  fewer  ;  and  the 
proof  would  be  complete  if  we  could  assume,  what  is  probably  the 
case,  that  the  upper  and  lower  basalts  represent  not  a  double  sill  but 
a  single  one,  which,  while  still  scarcely  consolidated  in  its  interior, 
was  eviscerated  by  the  acid  intrusion.  We  have  hitherto  left 
this  question  open  ;  but  facts  to  be  detailed  below,  especially  the 
phenomena  at  Rudh'  an  Eireannaich,  show  that  in  some  at  least  of 
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our  composite  sills  the  supposition  here  made  is  the  only  one 
admissible. 

We  may  conveniently  distinguish  the  two  orders  of  acid  xeno- 
crysts  already  recognised  in  our  basic  rocks  by  using  the  term 
antecedent  for  those  acquired  prior  to  the  intrusion,  and  consequent  for 
those  forced  upon  the  rock  posterior  to  its  intrusion;  and  a  like 
distinction  may  be  made  in  respect  of  the  partial  acidification  of 
the  general  mass  of  this  rock.  In  the  marscoite  described  in  a 
former  chapter  the  peculiarities  observed  were  mainly  of  the  ante- 
cedent order,  though  at  some  of  the  junctions  consequent  effects  of 
the  same  general  kind  were  to  be  verified.  In  the  upper  basalt  at 
Creag  Bhriste,  and  in  the  other  rocks  described  which  have  not 
been  directly  affected  by  the  subsequent  intrusions  of  grano- 
phyre,  we  have  only  antecedent  xenocrysts  sparsely  distributed  and 
no  demonstrable  acidification  of  the  ground-mass.  In  the  xenoliths 
described  at  Cam  Dearg  we  had  consequent  acidification  of  the 
ground-mass  only,  and  in  those  at  Beinn  a  Chaim  consequent 
xenocrysts  in  addition.  In  the  lower  basalt  at  Creag  Bhriste,  and 
still  more  in  the  xenoliths,  we  have  consequent  acidification  in  an 
advanced  degree  with  consequent  xenocrysts  in  abundance,  and 
these  prevent  the  verification  of  any  like  effects  of  an  antecedent 
order.  As  already  remarked,  the  mutual  relations  of  the  two  rock- 
types  involved  become  more  complicated  as  we  proceed  northward, 
and  we  shall  see  that  they  are  most  complicated  of  all  in  the 
Rudh'  an  Eireannaich  occurrence.  Comparing  the  several  composite 
sills  with  one  another,  we  may  conclude  that  the  variable  factor 
determining  these  petrographical  peculiarities  was  the  interval 
between  the  intrusions  of  the  basic  and  acid  members.  On  the 
other  hand,  the  chief  variable  factor  determining  the  bodily 
destruction  of  the  basalt  by  the  acid  magma  was  the  relative  volume 
of  the  latter,  allowing  in  the  case  of  the  dykes  for  prolonged 
flow. 

The  xenoliths  of  basic  in  acid  rock  at  Creag  Bhriste  introduce  us 
to  a  further  complication  in  the  curious  mutual  relations  of  these 
rocks  [6733].  Here  the  ground-mass  has  undergone  a  notably 
greater  degree  of  acidification  than  in  the  basalt  sill  below.  Inter- 
stitial quartz  is  abundant,  and  the  felspar,  judged  by  its  extinction- 
angles,  seems  to  be  andesine  rather  than  labradorite.  Concurrently 
with  these  changes  the  ophitic  structure  is,  as  usual,  lost,  and  the 
ferro-magnesian  mineral  becomes  idiomorphic.  Its  forms  point  to 
hornblende,  but  it  is  completely  chloritised.  The  xenoliths  enclose 
the  usual  xenocrysts  derived  from  the  acid  rock,  their  abundance 
showing  that  they  are  mainly  of  the  consequent  kind.  It  is  evident 
that,  by  the  time  that  the  acidification  of  the  ground-mass  was 
completed  to  the  degree  observed,  these  xenocrysts  must  have  found 
themselves  in  a  medium  not  differing  greatly  from  an  acid  rock- 
magma.  It  is  to  be  expected  therefore  that  corrosive  action  upon 
the  xenocrysts  had  ceased  before  this  point  was  reached,  and  it  is 
conceivable  even  that  an  opposite  tendency  had  been  set  up.  These 
suppositions  are  borne  out  by  the  facts.  The  numerous  quartz- 
grains  have  been  eaten  into  highly  irregular  shapes,  but  they  have 
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no  corrosion-border  of  granular  angite  (Fig.  47,  L).  Either  this 
has  never  been  formed  or,  what  is  much  more  probable,  it  has  been 
absorbed  at  a  later  stage  of  the  progressive  acidification.  The 
xenocrysts  of  alkali-felspars  have  rounded  outlines  and  are  crowded 
throughout  most  of  their  extent  with  the  usual  secondary- 
inclusions,  but  each  has  a  narrow  border  of  similar  felspar  substance 
which  is  quite  clear.  This  border  is  sharply  defined  against  the 
turbid  mass  of  the  crystal,  but  rather  ragged  in  places  against  the 
surrounding  matrix ;  and  we  interpret  it  as  a  new  growth  added  at 
a  late  stage,  when  the  xenolith  had  become  suflSciently  rich  in 
silica  and  alkalies  to  secrete  alkali-felspars. 

Another  feature  of  these  xenoliths  of  greatly  modified  basalt  is 
that  they  enclose  smaller  basalt  xenoliths  which  have  undergone  no 
such  modification.  T'Jiese  xenoliths  within  xenoliths  do  not  exceed 
a  fraction  of  an  inch  in  length,  and  have  the  shape  of  fragments, 
though  somewhat  rounded  at  the  angles.  They  are  of  rather  fine 
texture,  and  have  been  partly  metamoi'phosed,  either  by  the  basalt 
which  caught  them  up  or  subsequently  by  the  acid  intrusion,  the 
chief  new  mineral  product  being  brown  mica.  These  little  chips 
cannot  be  derived  from  the  country  rock,  which  is  Jurassic  shales. 
They  probably  represent  the  marginal  part  of  the  basalt  sill  itself, 
as  rather  rapidly  consolidated  in  contact  with  the  shales,  subse- 
quently broken  up,  and  enclosed  in  the  still  fluid  basalt  magma. 
Whatever  their  origin,  they  were  clearly  solid  when  caught  up  by 
the  basalt  of  the  sill,  and  have  not  been  fused  either  then  or  since. 
The  fact  that  they  have  not,  like  the  basalt  enclosing  them,  been 
permeated  by  the  acid  magma,  enforces  this  conclusion.  If  the 
enclosing  basalt,  now  itself  in  the  form  of  xenoliths,  had  been  fused 
by  the  heat  of  the  acid  magma,  the  little  chips  would  have  been 
fused  and  permeated  in  common  with  it.  This  is  one  among  other 
considerations  which  go  to  show  that,  where  the  basalt  of  the  sills 
(and  of  the  xenoliths)  has  been  thus  permeated  and  acidified,  it  is 
merely  because,  in  those  places,  it  had  not  yet  completely  consolid- 
ated when  the  acid  magma  invaded  it. 

This  last  conclusion  accords  with  other  features  which  indicate 
that,  where  these  peculiar  phenomena  are  found  in  triple  composite 
sills,  the  acid  member  has  not  been  thrust  in  between  the  two 
members  of  a  doul)le  basic  sill,  but  has  found  its  way  along  the 
middle  of  a  single  basic  sill,  the  central  zone  of  which  was  still  in 
a  partially  fluid  or  potentially  fluid  condition.  Quite  apart  from 
the  petrographical  evidence  this  alternative  is  inherently  the  more 
probal)le.  Double  basic  sills  are  indeed  frequent  in  some  parts  of 
Skye,  but  not  in  this  district ;  and  the  hypothesis  that  a  number 
of  double  sills  have  been  intruded  in  this  belt  of  countiy  at  various 
horizons,  the  two  members  being  in  each  case  of  nearly  equal 
thickness,  and  not  more  than  two  being  intruded  in  any  instance, 
is  an  unnatural  one. 

That  the  symmetrical  triple  arrangement  is  due  to  the  eviscera- 
tion of  a  basic  sill  by  a  slightly  later  intrusion  of  acid  magma 
along  the  same  channel  admits  of  no  reasonable  doubt  in  the  case 
^^    the    composite    sill    next   to    be  discussed,  that  of  RudJi   an 
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Eireannaich,  forming  the  western  horn  of  Broadford  Bay.  This  is 
not  only  the  most  easily  accessible  of  the  group,  but  also  in  some 
respects  the  most  remarkable.  The  intimate  association  of  the  two 
component  rock-types  is  here  exhibited  in  its  most  extreme  phase, 
the  effect  being  that  of  a  gradual  transition  from  one  type  to  the 
other  affecting  almost  the  whole  thickness.  In  other  words,  the 
interval  between  the  two  intrusions  was  in  this  case  the  briefest  of 
all,  and  the  basic  sill  must  have  been  still  practically  fluid  through- 
out almost  the  whole  of  its  thickness  when  the  acid  magma  was 
intrudedinto  it.  There  is  another  respect  in  which  this  composite 
sill  differs  from  the  others.  The  acid  member  is  not  in  this  case  a 
granophyre  or  quartz-porphry,  but  a  felsite  of  a  less  common  type, 
poorer  in  silica  but  richer  in  alkalies. 

As  approached  from  Broadford  the  sill  is  first  seen  in  a  small 
cliff,  some  20  feet  high,  a  little  before  the  headland  is  reached,  and 
the  upper  surface  of  the  sill  itself  forms  the  top  of  the  cliff  for  a 
short  distance  (Fig.  48).     It  is  more  conveniently  studied  a  little 
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Fio.  48. — Section  of  composite  sill  in  the  Lias  at  Rudh'  an  Eireannaich, 
Broadford  Bay. 

A,  a  fault ;  its  fissure  occupied  by  a  double  basalt  dyke. 

B,  a  small  fault. 

C,  escarpment  running  out  to  sea  eastward,  and  forming  the  actual 
headland. 

D  and  E,  thin  sills,  1^  ft  and  1  ft  respectively,  referred  to  below. 

farther  north,  beyond  a  small  fault,  where  it  foi-ms  a  small  escarp- 
ment manning  out  eastward  into  the  sea  (C  in  the  section).  Here 
again  the  upper  surface  is  exposed  as  a  dip-slope,  but  its  inclina- 
tion soon  carries  it  out  of  sight.  The  total  thickness  of  the  sill  is 
14|  feet.  Of  this  we  may  reckon  perhaps  2  feet  to  the  upper 
basalt  and  about  2|  feet  to  the  lower,  leaving  nearly  10 J  feet  for 
the  middle  member.  These  measurements,  however,  have  no 
accurate  meaning,  for  divisional  lines  of  any  true  significance  can 
scarcely  be  said  to  exist  between  the  several  members.  In  the 
field  an  observer  will  readily  set  down  the  rock  forming  the 
summit  and  that  forming  the  base  as  basalts  and  the  middle  part 
as  a  felsitic  rock,  but  the  dark  colour  of  the  one  passes  so  insensibly 
into  the  light  grey  of  the  other  that  no  precise  separation  is 
possible.  Microscopic  evidence  only  serves  to  confirm  this  conclu- 
sion, and  specific  gravity  determinations  (in  default  of  chemical 
analyses)  give  a  general  indication  of  the  gradual  nature  of  the 
transition  (see  Fig.  49).     To  speak  more  accurately,  there  are  a 
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few  inches  of  rock  at  the  top  and  a  similar  thickness  near  the 
bottom  which  may  be  taken  as  representing  the  original  basalt  as 
intruded,  these  being  presumably  the  portions  which  had  become 
effectively  solid  before  the  more  acid  magma  was  forced  in.  In  the 
middle  part  of  the  felsite  there  is  a  thickness  of  about  3  feet  in 
which  110  appreciable  variation  of  composition  is  to  be  detected, 
though  we  cannot  safely  assume  that  even  this  represents 
accurately  the  felsite  magma.  All  the  rest  is  to  be  regarded  as 
hybi-id  rock  of  variable  composition,  due  to  the  admixture  in 
different   proportions  of  the  basaltic   and   felsitic  magmas,  both 


n  49  — Fnlargod  section  of  compoBitc  sill  of  Rudh  an  Eireannflich  token 
it  tfio  low  escarpment  on  tilt  shore,  the  e-uitwurd  continuation  of  C  in 
the  preceding  figure 

The  nnnibtrs  indicnte  the  specific  gnvities'if  specimens  from  different 
parts  of  the  section. 


effectively  fluid  at  the  same  time.  The  specific  gravities  given  in 
Fig.  49  show  that  the  varieties  are  regularly  aiTanged,  the  rock 
becoming  denser  by  decrees,  both  upward  and  downward,  from  the 
felsite  to  the  basalt.  The  variation  is  more  gradual  towards  the 
felsite,  which  was  presumably  the  more  fluid  of  the  two  magmas, 
and  becomes  more  rapid  towards  the  basalt.  The  e.xposed  upper 
surface  of  basalt  forming  the  roof  of  the  sill  is  fine -textured,  and 
has  a  rough,  wrinkled,  and  broken  aspect.  The  lower  surface  is 
not  BO  well  exhibited,  and  is  less  regular,  but  in  places  it  shows  a 
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narrow  selvage  of  quite  compact  texture.  The  middle  portion  of 
the  sill  has  a  well  marked  rudely  columnar  jointing,  and  the  joints 
often  pass  upward  and  downward  into  the  basalt,  indicating  that 
the  whole  thickness  has  cooled  in  common. 

The  basalt,  taken  where  it  is  not  perceptibly  affected  by  the  later 
intrusion  of  felsite,  is  a  dark  fine-grained  rock  of  specific  gravity 
2*79  to  2*82  in  several  specimens.  It  encloses  little  felspars, 
usually  not  more  than  ^  inch  in  length ;  and,  as  usual  in  these 
rocks,  we  can  distinguish  among  them  dull  white  crystals  of 
squarish  shape  and  fresh  glassy-looking  crystals  of  more  slender 
tabular  habit.  The  former  are  xenocrysts  of  alkali-felspar, 
belonging  of  course  to  the  "antecedent"  category,  while  the 
latter  are  the  labradorite  phenocrysts  indigenous  in  the  rock. 
Thin  slices  show  that  the  basalt  differs  in  no  essential  respect  from 
those  of  the  other  composite  sills,  the  abundant  augite  having  in 
this  case  the  "  granulitic  "  habit.  Only  in  the  xenocrysts  do  we 
find  a  difference.  These  are  all  of  alkali-felspar,  with  the  usual 
corrosion-effects  (Fig.  47,  M),  quartz-grains  being  wholly  wanting. 
This  is  to  be  correlated  with  the  absence  of  quartz-phenocrysts  in 
the  felsite ;  and  we  have  here  a  strong  confirmation  of  what  we 
have  already  inferred,  that  the  antecedent  as  well  as  the  consequent 
xenocrysts  in  the  basalts  of  these  composite  sills  have  been  derived 
in  each  case  from  the  immediately  associated  acid  rock. 

The  felsite  is,  in  the  purest  specimens,  a  dull,  compact-looking 
rock  of  pale  grey  to  bluish  white  colour,  with  a  specific  gravity 
2'59  or  2*60.  There  are  dull  white  felspar  crystals  up  to  ^  inch  or 
more  in  diameter,  and  a  little  pyrites  is  sometimes  seen.  The 
rock  is  not  so  fresh  as  the  basalt,  and  thin  slices  are  obscured  by 
secondary  calcite  [6727,  etc.].  The  felspar  phenocrysts  are  so 
much  altered  that  their  true  nature  is  not  easily  made  out.  Some 
of  them  show  fine  twin-striation,  with  the  nearly  straight  extinction 
of  oligoclase.  Others  show  no  definite  twinning  except  on  the 
Carlsbad  law,  but  there  is  often  a  patchy  appearance  suggestive  of 
a  cryptoperthitic  intergrowth.  Associated  in  clusters  with  the 
felspar  are  yellowish  pseudomorphs  which  probably  represent 
augite,  and  a  little  of  this  mineral  is  seen  in  some  of  the  slides. 
There  are  also  occasional  small  cubes  of  pyrites  and  prisms  of 
apatite.  The  ground-mass  is  composed  essentially  of  little  felspar 
crystals  giving  imperfect  rectangular  sections  004  to  '007  inch  in 
length.  They  may  be  either  simple  or  twinned,  but  all  give  nearly 
straight  extinction.  There  is  usually  a  certain  amount  of  inter- 
stitial quartz,  but  this  is  wanting  or  almost  wanting  in  the  freshest 
specimens,  and  is  perhaps  wholly  of  secondary  origin.  The  rock, 
then,  consists  essentially  of  alkali-felspars,  or  felspars  rich  in 
alkalies,  with  little  or  no  quartz.  It  probably  falls  into  the  cerato- 
phyre  division,  though  on  this  point  chemical  evidence  is  to  be 
desired,  and  it  approaches  in  many  respects  the  bostonite  type. 
We  shall  have  to  notice  certain  rocks  of  somewhat  similar  characters 
among  the  minor  acid  intrusions  of  simple  habit,  where  again  they 
are  of  exceptional  occuiTence. 

The  hybrid  rocks  produced  by  admixture  of  the  basalt  and  felsite 
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exhibit,  as  we  have  said,  a  wide  range  of  variation,  with  fairly 
regular  gradation.  Specimens  taken  at  about  a  foot  from  the  top 
of  the  whole  sill  are  dark  grey  rocks  with  specific  gravity  2*74»  to 
2*72.  To  the  eye  they  are  very  like  the  normal  basalt,  though  less 
dark  in  colour.  The  xenocrysts  are  rather  larger,  ranging  up  to 
^  inch  in  diameter.  They  are  also  more  numerous,  preponderating 
very  decidedly  over  the  labradorite  phenocrysts,  and  we  must 
suppose  them  to  be  in  part  of  "  consequent "  derivation.  In  thin 
slices  the  ground-mass  has  at  first  glance  a  sufiicient  resemblance 
to  that  of  the  normal  basalt,  except  that  the  augite,  now  mostly 
decayed,  has  evidently  been  less  abundant.  On  further  examination 
we  find  that  the  little  felspars,  which  are  the  principal  element,  are 
not,  as  before,  labradorite.  They  give  much  lower  extinction- 
angles,  and  may  be  set  down  as  in  the  main  oligoclase-andesine  or 
one  of  the  more  basic  kinds  of  oligoclase.  We  see  then  that  this 
rock  is  of  anomalous  composition,  being  clearly  much  richer  in 
silica  and  soda  than  any  true  basalt.  A  specimen  from  a  corre- 
sponding situation  near  the  base  of  the  sill  shows  closely  similar 
characters,  the  diminution  in  the  amount  of  augite  (here  better 
preserved)  and  the  relatively  acid  nature  of  the  felspars  of  the 
ground-mass  being  well  shown.  Small  flakes  of  brown  mica  are 
sparingly  distributed,  their  formation  being  connected  doubtless 
with  an  accession  of  potash  to  the  basalt.  There  are  little 
sharply  defined  patches  of  fine  texture,  doubtless  xenoliths  of  the 
first  consolidated  basalt  at  the  actual  base. 

Somewhat  farther  from  the  base — between  3  and  4  feet — where 
the  specific  gravity  has  fallen  to  2*70  or  less,  the  rock  has  little  of 
the  appearance  of  a  basalt,  either  in  hand-specimens  or  under  the 
microscope.  The  colour  has  become  paler,  the  general  mass  duller 
of  aspect,  and  the  visible  crystals  of  felspar  perhaps  rather  more 
abundant.  Among  these  latter  the  glassy-looking  labradorites  are 
no  longer  to  be  recognised.  A  thin  slice  [6729]  shows  that  they 
still  occur,  but  they  are  corroded  and  turbid  like  the  alkali-felspars. 
It  appears  that  the  phenocrysts  proper  to  the  basalt,  as  well  as  those 
proper  to  the  felsite,  reacted  with  the  hybrid  magma  of  inter- 
mediate composition.  The  little  felspars  of  the  ground-mass 
probably  include  both  oligoclase  and  oithoclase :  they  give  sensibly 
straight  extinction,  and  twinning  is  with  diflSculty  detected. 
There  is  quartz  present,  but  it  is  not  possible  to  decide  to  what 
extent  it  is  of  secondary  origin.  The  augite  granules  have  been 
replaced  bj''  calcite,  etc.,  but  this  mineral  has  certainly  not  been 
very  abundant.  Little  granules  of  magnetite  are  fairly  plentiful, 
and  there  are  larger  grains  and  crystals  of  pyrites,  visible  in  the 
hand-specimens.  Rock  comparable  with  this  also  occupies  a 
corresponding  position  relative  to  the  other  (upper)  surface  of  the 
sill. 

We  see  that  rocks  which  stand  midway,  in  a  general  petro- 
graphical  sense,  between  the  basalt  and  the  felsite  are  reached  at 
2  or  3  feet  from  the  contacts.  The  transition  from  these  to  the 
felsite  of  the  middle  part  of  the  sill  is  less  rapid.  The  magnetite 
granules  and  augite  of  the  ground-mass  gradually  disappear.     The 
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enclosed  crystals  of  labradorite  are  quickly  lost,  and  it  appears  that 
crystals  of  a  basic  felspar  in  an  alkaline  felspathic  magma  are  more 
energetically  attacked  than  crystals  of  alkali-felspar  in  a  basic 
magma.  As  we  pass  to  rocks  more  nearly  approximating  to  the 
normal  felsite,  the  enclosed  crystals  of  alkali-felspar  must  be 
regarded  as  phenocrysts  rather  than  xenocrysts.  They  show  less 
rounding  of  their  angles,  and  begin  to  occur  in  clusters.  They  are 
still  very  turbid,  but  this  is  due  now  to  chemical  decomposition, 
apparently  the  production  of  finely  disseminated  white  mica. 
The  coming  in  of  the  scattered  augite  phenocrysts,  or  of  pseudo- 
morphs  representing  them,  completes  the  transition  to  the  felsite 
as  described  above. 

The  steady  gradation  indicated  by  the  specific  gravities  shown  in 
Pig.  49  shows  few  irregularities.  The  most  considerable  exception 
to  the  rule  is  only  in  appearance  an  irregularity.  The  rock  of 
intermediate  composition  and  specific  gravity  2*70,  which  occurs  at 
the  actual  base  in  this  section,  belongs  in  reality  to  a  separate  thin 
sill.  This  becomes  evident  a  short  distance  away,  where  a  bed  of 
calcareous  sandstone  intervenes  between  this  thin  sill  anil  the  main 
one  above.  It  is  probable,  however,  that  the  small  lower  sill  is  not 
in  origin  quite  independent  of  the  other,  and  the  same  may  be  pre- 
dicated of  two  other  thin  sills  at  horizons  a  little  above  the  main 
one,  shown  at  D  and  E  in  the  section  in  Fig.  48.  These  show  in 
the  field  no  bilateral  symmetry  or  other  evident  complexity  of 
structure ;  but  closer  examination  reveals  some  anomalous  characters 
which  are  highly  suggestive.  Specimens  from  the  uppermost  sill 
(E),  which  is  only  one  foot  thick,  show  a  dark  close-grained  rock 
enclosing  little  felspars  about  ^  inch  in  length.  Of  these  some  ai^e 
fresh  and  of  tabular  habit,  while  others  are  dull  and  of  squarer 
shape,  corresponding  respectively  with  the  phenocrysts  of  labra- 
dorite and  xenocrysts  of  alkali-felspar  described  in  the  marginal 
parts  of  the  composite  sill.  Moreover  the  rock  of  this  thin  sill  is 
itself  heterogeneous,  though  without  regular  arrangement  so  far  as 
we  have  observed.  Two  specimens,  taken  only  a  short  distance 
apart  and  certainly  belonging  to  a  single  intrusive  body,  give 
specific  gravities  2-83  and  2*72. 

A  comparison  of  these  two  specimens  in  thin  slices  gives 
interesting  results.  Both  contain  xenocrysts  of  the  kind  observed 
in  the  larger  sill,  chiefly  of  striated  oligoclase  and  always  showing 
an  advanced  stage  of  corrosion  (see  Plate  XXI.,  Fig.  4).  Apart 
from  these,  the  former  specimen  [9370]  consists  of  little  crystals 
of  labradorite,  '03  to  '06  inch  long,  granules  of  augite,  and 
abundant  brown  glass.  A  higher  magnification  shows  that  this 
glass  is  crowded  with  very  slender  felspar  fibres,  and  encloses 
numerous  little  rods  of  magnetite.  This  rock  then  may  fairly  be 
regarded  as  the  partially  vitreous  representative  of  that  which 
forms  the  marginal  zones  of  the  neighbouring  composite  sill.  The 
other  specimen  [9371]  is  somewhat  richer  in  brown  glass  of  the 
same  characters  as  before ;  but  this  is  not  sufficient  to  account  for 
its  much  lower  density,  and  examination  shows  that  it  is  of 
decidedly  less  basic  composition  than  the  former  rock.     Augite 
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granules  are  no  longer  present,  and  the  little  felspars  give  low 
extinction-angles,  most  of  them  apparently  being  near  oligoclase  in 
composition.  It  seems  then  that  this  is  the  glassy  representative, 
not  of  the  unmixed  basalt,  but  of  one  of  the  hybrid  varieties  met 
with  in  the  composite  sill. 

The  largely  vitreous  nature  of  these  rocks  must  be  attributed  to 
the  small  dimensions  of  the  intruded  body  and  the  consequent  rapid 
cooling  of  the  magma.  This,  on  reflection,  is  a  point  of  con- 
siderable interest ;  for  we  are  forced  to  the  conclusion  that  in  this 
case  tlie  admixture  of  which  we  have  such  clear  evidence  was 
already  effected  when  the  magma  was  intruded  into  its  present 
situation,  and  forthwith  began  to  cool :  in  other  words,  that  the 
partial  intermingling  of  the  basaltic  and  felsitic  magmas  took  place 
either  in  the  channel  of  uprise  or  in  some  deeper-seated  reservoir. 
The  absence  of  any  symmetrical  arrangement  of  the  different 
varieties  of  rock  in  the  sill  points  to  the  same  conclusion.  The 
conception  of  a  local  magma-basin  or  reservoir,  in  which  the  basalt- 
and  felsite-  magmas  have  coexisted  in  a  fluid  state,  has  already 
been  foreshadowed  by  the  unfailing  occurrence  of  "  antecedent " 
xenocrysts  in  the  composite  sills  of  this  group.  A  like  hjrpothesis 
seems  to  be  necessitated  by  the  peculiar  characters  of  the  marscoite 
as  described  in  a  former  chapter ;  and  we  shall  be  brought  to  con- 
template it  again,  on  a  larger  scale,  in  discussing  the  xenocrysts  in 
the  basic  dykes  of  this  region.  We  do  not  picture  all  the  composite 
sills  of  the  group  under  discussion  as  derived  from  a  single 
reservoir.  Their  distribution  rather  suggests  that  they  belong  to  a 
number  of  distinct  centres,  at  each  of  which  the  parent  magmas 
underwent  a  like  series  of  processes ;  and  the  unique  nature  of  the 
felsite  of  Rudh'  an  Eireannaich  decidedly  supports  this  view. 

If  in  these  symmetrical  composite  sills  the  basic  and  acid 
magmas  have  risen  through  the  same  fissures  and  spread  along  the 
same,  bedding-planes,  the  one  closely  following  the  other,  it  is 
difficult  to  resist  the  conviction  that  they  not  only  came  fix)m  a 
common  resen^oir,  but  were  intimately  related  in  origin.  They 
may  have  been,  in  Brogger's  phrase,  complementary  products  of 
differentiation,  and  a  certain  rough  proportion  between  the  two 
rocks  in  the  several  occurrences  is  consistent  with  this  hypothesis. 
The  proportion  is  not  a  strict  one,  for  in  the  largest  composite  sills 
the  acid  rock  greatly  outweighs  the  basic ;  but  it  is  nevertheless 
very  noticeable  that  the  thicker  basic  sheets  are  always  associated 
with  the  thicker  acid  ones  and  the  thinner  with  the  thinner.  The 
proportion  would  doubtless  become  more  evident,  and  might 
perliaps  be  precisely  realised,  if  we  could  restore  those  portions  of 
the  basic  sills  which  have  been  destroyed  by  the  acid  magma  and 
absorbed  into  it. 

The  several  composite  sills  of  this  group,  taken  in  order  from 
Suishnish  to  Broadford,  illustrate,  as  we  have  pointed  out,  suc- 
cessive advances  in  the  intimacy  of  relationship  and  the  degree  of 
intermingling  of  the  associated  rock-types.  In  this  view,  the  small 
subsidiary  sills  at  lludh'  an  Eireannaich  present  almost  the  extreme 
type.     The  actual  final  term  of  the  series,  which  may  perhaps  be 
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represented  in  small  sills  and  dykes  not  specially  examined,  would 
be  a  complete  admixture  resulting  in  a  homogeneous  rock  of 
medium  acidity.  It  is  to  be  expected  that  a  rock  resulting  from 
such  complete  admixture,  even  if  all  xenocrj^ts  were  entirely 
absorbed,  would  still  present  petrographical  peculiarities  dis- 
tinguishing it  from,  e.^.,  a  normal  andesite. 

On  this  last  point  it  is  proper  to  make  some  remarks  of  a  general 
kind,  which  will  apply  not  only  to  the  composite  sills  and  dykes, 
but  to  the  mixed  rocks  already  described  in  Chapter  XI.  and  to 
other  instances  to  be  noticed  later.  We  consider  that  all  these 
hybrid  rocks  are  essentially  ahnormal  in  composition^  and  do  not  find 
any  place  in  a  classificatory  system  of  normal  igneous  rocks.  The 
processes,  whatever  be  their  nature,  by  which  basic,  intermediate, 
and  acid  rocks  of  ordinary  types  are  evolved  or  differentiated  from 
a  common  stock-magma  are  processes  of  a  complex. and  subtle 
kind,  and  are  not  reversible  by  so  crude  a  means  as  the  mixture  of 
two  different  rock-types.  A  rock  of  mean  silica-percentage  pro- 
duced by  the  mixture  of  an  acid  with  a  basic  rock  will  not  have  the 
chemical  or  mineralogical  composition  of  any  normal  intermediate 
rock-type.  For  this  reason  it  would  be  misleading  to  apply  to 
such  a  mixed  rock  the  name  of  any  recognised  normal  type  or 
family,  such  as  tonalite,  quartz-diorite,  dacite,  andesite,  and  the 
like ;  and  we  have  accordingly  spoken  of  such  rocks  as  partially 
acidified  gabbros,  dolerites,  and  basalts  or  partially  basified  granites, 
gi'anophyres,  and  felsites.  For  one  rock,  which  appeared  in 
numerous  occurrences  with  the  same  peculiar  characters,  we  have 
used  a  special  name  (marscoite)  ;  but  this  was  done  solely  for  con- 
venience of  description,  and  in  general  the  variability  of  the  rocks 
is  such  that  no  definite  types  can  be  profitably  recognised. 

That  an  abnormal  chemical  composition  is  to  be  expected  in  a 
hybrid  rock  follows  from  general  considerations,  and  a  brief  state- 
ment of  the  argument  will  be  sufficient  in  this  place.*  The 
general  laws  which  control  the  variation  in  composition  of  igneous 
rocks,  though  in  the  present  state  of  knowledge  empirical,  are 
sufficiently  well  known.  The  variations  in  particular  natural 
series  of  rocks  have  been  studied,  and  are  conveniently  expressed 
in  graphic  form  by  a  diagram  in  which  abscisssD  represent  the 
silica-percentages  of  the  several  members  of  the  series  and  ordin- 
ates  the  corresponding  percentages  of  the  other  oxides.  For 
igneous  rocks  in  general  the  variations  in  composition  have  of 
course  a  wider  range,  but  certain  broad  principles  still  hold.  The 
magnesia,  for  instance,  falls  off  as  the  silica  increases ;  but  it  does 
not  fall  off  at  a  steady  rate :  it  diminishes  first  rather  rapidly  and 
afterward  slowly.  Its  variation  may  thus  be  illustrated  diagram- 
matically  by  a  curve  which  is  concave  upward  (Fig.  50).  Lime 
behaves  d^erently,  and  its  curve  of  variation  will  be  convex 
upward  (Fig.  51).  It  is  easy  to  deduce  that  a  mixture  of  a  basic 
and  an  acid  rock  will  in  general  be  richer  in  magnesia  and  poorer 

*  For  a  fuller  discussion  of  this  part  of  the  question,  see  Harker,  ][^eou8 
Rock-Series  and  Mixed  Xgneous  Rocks,  Jbtim.  of  Oeol,,  vol.  viiL,  pp. 
389-399 :  1900. 
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in  lime  than  a  normal  igneous  rock  of  like  silica-pei^centage.  If 
such  differences,  viz.  a  relative  excess  in  some  constituents  and 
deficiency  in  others,  pass  certain  limits,  they  must  affect  the 
mineralogical  constitution  of  the  resulting  rock :  thus  an  undue 
richness  in  magnesia  and  poverty  in  lime  may  determine  the 
formation  of  a  hornblende  instead  of  an  augite.  Such  considera- 
tions seem  to  throw  some  light  on  some  of  the  peculiarities  of  the 
rocks  described  above. 

The  ap})lication  of  the  above  argument  must,  however,  be  limited 
by  what  is  in  some  measure  a  countervailing  consideration.  We 
have  so  far  regarded  admixture  as  a  simple  process,  and  tacitly 
assumed  that  a  hybrid  rock  derived  from  the  two  normal  types 
A  and  B  can  be  represented,  in  respect  of  chemical  composition, 
by  such  a  formula  as  m^  -f  nB,  where  m  and  n  are  the  propor- 


Fio.  50. — Ideal  curve  of  varia- 
tion of  magnesia,  PpPl  Here 
PM  and  FM*  represent  the 
percentages  of  magnesia  in  a 
tjasic  and  an  acid  rock  ;  p'm, 
that  in  a  hybrid  rock  formed 
by  the  admixture  of  the  two  ; 
and  pm,  that  in  a  normal 
rock  having  the  same  sihca- 
percentage  as  the  hybrid. 
The  latter  has  thus  an  excess 
of  magnesia. 


Fig.  51. — Ideal  curve  of  variation 
of  lime.  The  diagram  is  lettered 
to  correspond  with  the  preceding, 
lime  being  understood  instead  of 
magnesia.  It  is  seen  that  the 
hybrid  rock  has  a  deficiency  of 
lime  as  compared  with  the 
natm-al  rock  of  the  same  silica- 
percentage. 


tions  in  which  the  two  parent  rocks  are  mingled.  In  fact,  however, 
this  is  not  the  case,  the  process  of  admixture  being  complicated  by 
diffusion.  We  have  seen  in  Chapter  XI.  that  the  composition  of 
the  granophyre  modified  by  gabbro  debris  on  Marsco  does  not 
correspond  with  a  simple  formula  of  the  kind  suggested ;  and  both 
in  that  chapter  and  the  present  one  we  have  seen  abundant 
evidence  that  diffusion  has  proceeded  more  or  less  freely,  even  in 
some  cases  where  the  shai'p  boundary  between  the  two  rocks 
involved  has  not  been  obliterated.  If,  as  is  generally  supposed, 
the  origin  of  diverse  rock-types  among  normal  igneous  rocks  is  in 
great  part  dependent  upon  diffusion,  this  consideration  may  go  to 
modify  in  some  degree  the  argument  advanced  above  concerning 
the  necessarily  abnormal  composition  of  hybrid  rocks ;  but  it  is  at 
most  a  mitigating  factor. 
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Of  the  triple  composite  sills  not  yet  particularly  described,  only 
one  calls  for  any  special  notice.  We  may  remark  that  the  intimacy 
of  association  between  the  different  members,  which  reached  a 
climax  in  the  basalt-felsite  sill  of  Budh'  an  Eireannaich,  is  dis- 
played in  a  high,  though  less  extreme,  degree  in  the  other 
northerly  examples,  which  have  the  more  usual  basalt-granophyre 
combination.  At  Camas  na  Geadaig  in  Scalpay  the  central  acid 
member  is  sharply  delimited  against  the  upper  basalt,  but  seems, 
to  the  eye  at  least,  to  shade  insensibly  into  the  lower  one.  At 
AUt  an  'irSithean,  near  Sligachan,  the  boundaries  are  in  most 
places  fairly  distinct,  though  of  highly  irregular  form,  but  this  has 
not  prevented  a  remarkable  degree  of  intermingling  between  the 
two  rocks.  This  occurrence  deserves  some  brief  notice.  It  differs 
from  most  of  the  others  in  its  decidedly  laccolitic  development,  the 
granophyre  forming  a  lenticular  mass  in  the  interior  of  a  basalt 
sill  (see  section,  Fig.  44).  This  is  susceptible  of  simple  explana- 
tion. The  basalt  sill,  prior  to  the  intrusion  of  the  granophyre,  was 
swollen  in  this  place  to  an  unusual  thickness,  and  its  interior 
portion  was  here  partly  fluid  when  in  other  places  the  sill  was 
consolidated  throughout.  Here  the  acid  magma  consequently 
found  easy  access,  and  entered  into  reactions  with  the  imperfectly 
consolidated  basalt.  There  was  here,  however,  some  peculiarity  in 
the  conditions  attending  the  consolidation  of  the  basalt,  which 
enabled  the  process  to  begin  in  the  central  zone  as  well  as  at  the 
margins,  and  an  inconstant  sheet  of  the  rock,  usually  not  more 
than  3  feet  thick,  was  thus  enclosed  in  the  heart  of  the  granophyre, 
which  found  its  way  both  above  and  below.  It  is  certain  that 
some  part  of  this  middle  basalt  was  actually  solid  when  the  acid 
magma  came  in  ;  for,  although  most  of  the  deeply  corroded  sheet 
is  in  a  greatly  modified  state,  a  part  is  quite  normal.  It  is  a  dark 
grey  crystalline  basalt  of  specific  gravity  2*85,  enclosing  only 
scattered  xenocrysts,  which  clearly  are  of  the  "  antecedent "  kind 
never  absent  from  this  type  of  rock.  As  might  be  anticipated,  its 
texture  is  not  so  fine  as  in  other  basalts  of  this  group. 

Such  portions  of  the  upper  and  lower  basalts  as  can  be  considered 
normal  rocks  do  not  differ,  except  by  their  finer  texture,  from  the 
specimen  just  noticed.  The  normal  granophyre  is  a  beautiful 
spherulitic  rock,  but  in  most  places  deeply  weathered.  It  does  not 
contain  quartz  phenocrysts  of  any  visible  size,  and  this  explains  the 
general  absence  (to  the  eye  at  least)  of  quartz-grains  among  the 
xenocrysts,  whether  antecedent  or  consequent,  in  the  basalts.  On 
the  line  of  our  section  there  is  not  much  basic  rock  of  normal 
character  seen  in  the  valley  of  AUt  an  't-Sithean  itself,  the  rock 
which  does  duty  as  basalt  being  mostly  acidified  in  greater  or  less 
degi'ee.  An  average  example  of  the  lower  ''basalt "  at  this  place 
has  a  specific  gravity  only  2*63.  It  is  of  rather  light  grey  colour, 
and  contains  fairly  abundant  dull  white  felspars,  ^  to  ^  inch,  some 
of  which  are  probably  "  consequent "  xenocrysts.  It  encloses  little 
patches,  either  angular  or  rounded,  of  finer  texture  and  evidently  of 
more  normal  basic  composition,  and  in  these  the  felspars  are 
smaller  and  less  numerous.    They  are  presumably  pieces  of  the 
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firstrconsolidated  mar^nal  zone  of  the  basalt,  subsequently  broken 
up,  and  xenoliths  of  this  kind  are  very  common  in  this  sill.  The 
"  granophyre  "  near  all  its  contacts  with  the  "  basalt "  encloses  very 
numerous  partially  digested  xenoliths  of  that  rock,  which  have  the 
appearance  of  being  much  acidified.  In  the  same  places  the  acid 
rock  itself  is  considerably  modified  in  the  opposite  sense,  and,  as 
usual  in  such  cases,  has  lost  its  spherulitic  structure. 

As  we  have  remarked,  the  boundary  between  **  basalt"  and 
"  granophjrre,"  though  highly  irregular,  is  in  general  not  obliterated. 
There  has,  however,  been  free  difiusion  across  the  boundary  in  both 
directions,  and  it  is  not  difficult  to  select  specimens  from  the 
''basalt "  side  of  the  line  which  are  evidently  more  acid  than  some 
specimens  from  the  **  granophyre "  side.  In  the  absence  of 
chemical  tests,  this  is  sufficiently  proved  by  specific  gravity  deter- 
minations. Thus  a  specimen  of  quite  pale  grey  colour  representing 
the  middle  "  basalt "  in  a  greatly  modified  condition  gives  only 
2'577,  while  a  neighbouring  "granophyre"  (rjontaining,  however, 
some  small  xenoliths)  gives  2'656. 

In  conclusion  we  may  notice  briefiy  the  large  composite  dyke, 
probably  connected  with  this  sill,  which  is  exposed  not  far  to  the 
north.  It  has  a  maximum  width  of  nearly  150  feet,  and,  excepting 
a  narrow  border  on  each  side,  is  of  granophyre.  It  contains 
felspars  with  rounded  angles  and  little  round  grains  of  quartz.  All 
these  are  the  nuclei  of  spherulites,  and  other  spherulites  make  up 
the  rest  of  the  rock.  It  is  conspicuously  drusy ;  but,  as  usual,  the 
sum  total  of  the  vacant  spaces  which  go  to  produce  this  appearance 
is  in  reality  quite  small.  Specific  gravity  determinations  taken  on 
a  specimen,  first  in  bulk  and  then  in  powder,  difier  by  less  than 
•01,  and  the  druses  certainly  make  up  less  than  one  part  in  200  of 
the  total  volume.  A  fresher  rock,  with  no  lining  of  secondary 
products  in  the  druses,  would  give  a  rather  higher  proportion. 

The  much  shrunken  width  of  the  bordering  basalts  is  in  agree- 
ment with  what  is  elsewhere  observed  in  the  dykes  of  this  group, 
as  compared  with  the  sills.  Equally  to  be  anticipated  is  the 
greatly  modified  character  of  such  basalt  as  remains,  no  part  of 
which  has  escaped  being  impregnated  by  the  acid  magma.  A 
specimen  selected  to  represent  the  least  altered  rock  has  a  specific 
gravity  only  2 '59,  and  contains  conspicuous  xenocrysts  of  felspar. 
This  rock  is  definitely  divided  from  the  granophyre,  but  in  other 
places  it  is  not  possible  to  draw  any  sharp  line.  Both  the  "  basalt " 
and  the  edge  of  the  granophyre  adjoining  it  enclose  abundant 
xenoliths  of  a  dark  fine-textured  rock,  up  to  2  or  3  inches  in  length 
in  some  places.  These  never  contain  xenocrysts,  or  indeed  any 
visible  crystals,  and  they  often  show  but  little  rounding  of  their 
angles.  They  are  probably  derived  from  the  basalt  lavas  which  the 
dyke  intersects. 
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CHAPTER  XIV. 
Basic  Sills  :  The  Great  Group. 

Among  the  intrusive  rocks  occurring  outside  the  mountain  district, 
by  far  the  most  important  are  those  which  form  the  very  numerous 
sills  of  generally  basic  composition  (dolerite,  basalt,  etc.)  intercalated 
among  the  basaltic  lavas  and  subjacent  strata. 

The  intrusive  nature  of  the  sheets  of  "  trap  "  intercalated  among 
the  Secondary  strata  in  the  northern  part  of  Skye  was  clearly 
recognised  by  Macculloch.  So  long  ago  as  1819  he  illustrated  by 
admirable  diagrams,*  which  have  often  been  reproduced,  how  these 
sheets,  while  preserving  for  long  distances  a  close  parallelism  with 
the  bedding  and  a  very  uniform  thickness,  sometimes  break 
abruptly  across  to  a  new  horizon,  or  divide  into  two  or  three 
thinner  sheets  separated  by  sedimentary  beds ;  how  in  places  the 
sheets  thicken  out,  and  irregularly  cut  out  and  truncate  the  strata, 
portions  of  which,  bent  and  broken,  have  become  entangled  in  the 
igneous  rock;  and  how  veins  or  small  offshoots  are  sometimes 
given  off  from  the  sheets,  traversing  the  overlying  as  well  as  the 
underlying  strata.  It  is  remarkable  that,  notwithstanding  these 
decisive  proofs  of  intrusion,  the  sheets  of  basic  rock  continued  to 
be  generally  regarded  as  true  lava-flows  and  therefore  of  the  same 
Oolitic  age  as  the  strata  with  which  they  are  associated.  Even 
after  the  true  age  of  the  great  series  of  basalts  above  had  been 
determined  by  botanical  evidence,  eminent  geologists  held  that  in 
this  district  of  Trottemish  occur  volcanic  rocks  of  two  distinct 
ages,  Jurassic  and  Tertiary. 

The  intrusive  nature  and  Tertiary  age  of  the  basic  sills  in  the 
Jurassic  are  now  generally  conceded,  and  indeed  admit  of  no 
dispute.  What  geologists  have  not  yet  fiiUy  recognised  is  that 
such  sills  occur  in  enormous  profusion,  and  attain  individually  and 
collectively  a  great  thickness,  among  the  overlying  bedded  lavas ; 
that  throughout  the  basaltic  plateaux,  which  make  up  two-thiinis 
of  the  area  of  Skye,  these  intrusive  sills  determine  almost  all  the 
salient  features,  and  indeed  are  the  cause  of  the  plateau  form  itself 
(see  Fig.  79,  below).  The  proofs  of  the  intrusive  habit  of  a  basic 
sill  are,  in  the  nature  of  the  case,  less  obvious  when  it  occurs 
among  basalts  than  when  it  is  intercalated  in  a  group  of  shales  and 
sandstones,  but  upon  examination  the  evidence  is  equally  con- 
vincing. Notwithstanding  the  surprisingly  regular  disposition  of 
the  sills  along  defined  horizons  in  the  series,  occasional  transgres- 
sions are  to  be  verified ;  and,  what  is  an  even  more  striking  proof 
of  intrusion,  the  sills  are  observed  here  and  there  to  intersect  some 
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of  the  earlier  basic  dykes.  Petrographically  the  resemblance  of 
the  sills  in  the  basalt  group  to  those  among  the  Jurassic  strata  is 
as  evident  as  their  difference  from  the  undoubted  lava-flows  among 
which  they  occur ;  while  a  study  of  their  micro-structure  shows 
that  they  have  almost  invariably  something  of  that  ophitic  char- 
acter which  is  much  less  common  in  the  lavas.  The  existence  of 
numerous  intrusive  sills  in  the  basaltic  group  having  once  been 
recognised,  it  is  found  that  they  have,  as  a  group,  definite 
characteristics,  which  enable  us  to  identify  and  map  them  with 
perfect  confidence  even  when,  as  is  usually  the  case,  the  field- 
observations  afford  no  ocular  demonstration  of  their  intrusive 
nature. 

It  is  not  to  be  underatood  that  all  the  sill-formed  basic  intrusions 
in  Skye  belong  to  a  single  group  referable  to  one  epoch.  We  shall 
indeed  make  some  remarks  in  the  next  chapter  on  certain  smaller 
groups  of  sills,  in  addition  to  those,  closely  associated  with  acid 
rocks,  which  we  have  already  described ;  and  it  is  also  worthy  of 
mention  in  passing  that  some  of  the  basic  dykes  occasionally 
assume  for  some  distance  the  habit  of  sills.  We  are  at  present 
concerned,  however,  with  the  vast  majority  of  basic  sills  in  the 
island,  which  do  in  fact  constitute  one  natural  group  of  intrusions, 
and  will  be  spoken  of  for  the  sake  of  clearness  as  the  "  great  group 
of  basic  sills "  or  of  dolerite  sills.  It  ia  these  rocks  that  play  so 
important  a  part  in  the  constitution  of  the  basaltic  plateaux, 
besides  occurring  in  force,  as  noted  above,  in  the  underlying 
Jurassic  strata  as  exposed  along  some  portions  of  the  coast. 

The  epoch  ofintnision  of  these  sills  is  quite  determinate.  They 
are  later  than  any  volcanic  or  plutxjnic  rocks  in  the  island,  but 
earlier  than  the  great  majority  of  the  minor  intrusions.  Their 
injection  constitutes  therefore  the  earliest  episode  of  the  last  of  the 
three  phases  of  igneous  activity  which  we  have  pointed  out  as 
recognisable  in  our  area.  The  intrusion  of  so  many  distinct  sills, 
often  individually  of  great  volume,  was  a  process  which  doubtless 
occupied  a  prolonged  lapse  of  time.  If  we  could  assign  to  this 
group  any  of  the  basic  sills  which,  near  Suishnish  and  elsewhere, 
are  closely  associated  with  acid  intrusions,  it  would  appear  that  the 
earliest  of  the  great  group  of  sills  were,  at  certain  points,  over- 
lapped in  time  by  the  latest  of  the  intrusions  belonging  to  the 
granite  and  granophyre  group  of  the  Red  Hills.  We  have 
described,  however,  remarkable  circumstances  characterising  the 
basic  members  of  the  composite  sills,  which  lead  us  to  infer  for 
them  a  common  origin  with  the  acid  rocks  with  w^hich  they  are 
associated.  We  therefore  separate  them  from  the  rocks  now  under 
consideration,  and  refer  them  to  a  somewhat  earlier  dat«.  Con- 
sidering the  composite  intrusions  as  a  peculiar  group  belonging  to 
the  interval  between  the  plutonic  phase  and  that  of  the  minor 
intrusions,  we  must  regard  the  latter  phase  as  beginning  with  the 
intrusion  of  the  great  group  of  sills. 

As  regards  the  distrihution  in  space  of  the  sills,  it  is  in  the  first 
place  very  noticeable  that  in  Skye  they  are  developed  in  greatest 
force,  both  individually  and  as  a  group,  in  the  northern  part  of  the 
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island.  Over  all  the  plateau  country,  lying  to  the  north  and  west 
of  the  central  mountains,  the  sills  form  every  prominent  feature ; 
but,  approaching  nearer  to  the  gabbro  and  granite  of  the  mountain 
tract  itself,  we  find  that  they  thin  out  and  finally  disappear  (Fig. 
52).  This  is  certainly  not  due  to  the  dying  out  of  the  group  as  a 
whole,  for  beyond  the  mountain  tract  the  sills  reappear  in  the 
Strathaird  peninsula  and  elsewhere.  They  never  attain,  however, 
to  the  south  and  east  of  the  mountains  the  massive  dimensions 
which  they  display  in  the  northern  and  western  parts  of  the  island, 
but  become  rarer  as  well  as  smaller,  and  do  not  extend  into  the 
south-eastern  part  of  Skye.  It  is  not  easy  to  assign  exactly  the 
limits  in  this  direction  of  the  area  afiected  by  the  sills ;  partly 
because  the  lava-group,  in  which  the  sills  are  elsewhere  principally 
developed,  has  here  been  removed  by  erosion ;  partly  because  other 
groups  of  sills  come  in,  which  cannot  always  be  readily  separated  in 
the  field  from  the  great  group.  A  comparison  of  the  Jurassic 
series  of  Strath  with  that  of  Trottemish,  as  regards  the  occurrence 
of  intercalated  basic  sills,  is,  however,  sufficiently  conclusive,  and 
the  greatly  diminished  thickness  as  well  as  the  increasing  rarity  of 
the  occurrences  leaves  no  doubt  as  to  the  dying  out  of  the  group. 

It  is  clear  from  the  distribution  thus  indicated  that  the  sills  have 
no  close  connection  with  the  plutonic  focus  of  central  Skye.  So 
far  as  our  information  goes,  they  are  probably  related  to  some  quite 
distinct  focus,  either  in  the  north  of  the  island  or  beyond  its  limits. 
We  might  place  it  conjecturally  in  the  neighbourhood  of  the  Shiant 
Isles,  12  to  14  miles  north  of  Skye,  where  Professor  Judd*  and 
Sir  A.  Geikiet  have  described  what  appears  to  be  a  single  sill 
500  feet  thick. 

The  failure  of  the  sills  in  the  neighbourhood  of  the  mountains  is 
beyond  doubt  due  to  the  obstacle  presented  to  their  spread  by  the 
ring  of  metamorphosed  basalt  lavas.  The  sill-magma,  which  easily 
found  a  way  along  the  divisional  planes  of  the  lava-flows  outside  the 
metamorphosed  belt,  was  arrested  when  it  encountered  the  tougher 
and  more  stubborn  rocks,  devoid  of  apparent  bedding,  which  fringe 
the  plutonic  intrusions ;  and  sills  are  accordingly  absent  in  this 
belt,  as  well  as  in  the  gabbro  and  granite  themselves.  This,  of 
course,  would  be  sufficient  to  prove  the  posteriority  of  the  sills  to 
the  plutonic  intrusions,  even  were  no  other  evidence  available. 
The  total  absence  of  the  sill  rocks  among  the  patches  of  basalt 
entangled  in  the  gabbro  and  granite  is  equally  significant.  The 
belt  of  metamorphosed  basalts  free  from  sills  has  usually  a  width 
of  nearly  a  mile  from  the  main  boundary  of  the  gabbro  or  granite 
(see  Fig.  52). 

With  reference  to  the  thickness  of  the  individual  sills,  we  have 
observed  none  in  Skye  comparable  in  magnitude  with  that 
mentioned  above  in  the  Shiant  Isles,  supposing  the  500  feet  there 
seen  to  belong  really  to  a  single  sill.  Many  of  the  sills  in  the 
northern  and  north-western  parts  of  Skye,  however,  attain  a  thick- 
ness of  100  feet,  and  there  are  some  which  exceed  200  feet.     Still 
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Fig.  52.^Sketch-innp  illustrating  the  distribution  of  the  basic  sills,  and  also 
of  the  multiple  Imsic  dykes,  in  relation  to  the  lai'go  plutonic  iutrusions. 
Scale,  i  inch  to  a  mile. 

(a)  The  heavy  dotted  line  indicates  the  area  (embracing  the  plutonic 
intrusions  with  a  narrow  surrounding  belt)  whicli  is  free  from  sills 
belonging  to  tlie  great  group.  The  lighter  dotted  lino  marks  the  limit 
(in  this  part  the  eastern  limit)  of  multiple  silbi.  This  depends  |>artly 
upon  the  general  attenuation  of  the  group  in  this  direction,  but  partly 
also  upon  the  progress  of  erosion,  since  the  inultiple  silk  are  developed 
chiefly  in  the  upper  portion  of  the  lava  group. 

(6)  Tile  heavy  broken  line  indicates  the  distribution  of  the  principal 
multiple  basic  dykes.  They  are  found  within  an  elongated  oval  tract, 
about  eleven  miles  long,  centring  in  the  great  gabbro  laccolite  and 
having  its  long  axis  in  the  general  direction  of  the  dykes  themselves. 
This  oval  tract,  however,  is  divided  into  two  detached  areas  by  the 
plutonic  masses.  It  is  not  improbable  that  better  eiposurea  might 
enable  us  to  join  these  two  areas  on  the  west  side  of  the  Cuillins,  but  on 
the  east  side  the  granite  has  offered  an  impenetrable  resistance  (see 
Chap.  XVU.). 
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Fiii.  52. — Sktitcli-map  illuatracing  the  distribution  iif  thu  luisic  Bills,  and  also 
«f  the  multiple  Dasic  dyken,  in  relation  to  the  lui^o  plutonic  iutriiaions. 
Scale,  ^  inch  to  a  mile. 

(a)  The  heiivy  dotted  lino  indicates  the  area  {embracing  the  plutonic 
intrusions  with  a  narrow  surrounding  belt)  which  is  free  from  silla 
belonging  to  the  great  group.  The  lighter  dotted  lino  marks  the  limit 
(in  this  part  the  eastern  limit)  of  multiple  sills.  This  depends  jiartly 
upoT)  the  general  attenuation  of  the  group  in  this  direction,  but  partly 
also  upon  the  prugross  of  erosion,  since  the  multiple  sills,  are  developed 
chieHy  in  the  upper  portion  of  the  lava  group. 

(6)  The  heavy  broken  line  indicates  the  distribution  of  the  principal 
multiple  basic  dykes.  They  are  found  within  an  elongated  oval  tract, 
about  eleven  miJes  long,  centring  in  the  great  gabbro  laccolite  and 
having  ita  long  axis  in  the  general  direction  of  the  dykes  themselves. 
This  oval  tract,  however,  is  divided  into  two  detached  areas  by  the 
plutonic  masses.  It  is  not  improbable  that  better  exposures  might 
enable  us  to  join  these  two  areas  on  the  west  side  of  the  Cuillins,  but  on 
the  east  aide  the  granite  has  offered  an  impenetrable  resistance  (see 
Chap.  XVU.). 
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greater  thicknesses  of  sill-rocks  are  found  where  two  or  more 
large  sills  come  together  without  any  intervening  "  country  "  rock. 
This  is,  among  the  basaltic  plateaux,  a  very  frequent  occurrence, 
and  in  this  way  arise  what  we  shall  style  for  convenience  dotAle, 
triple,  and  multiple  sUls.  The  thickest  multiple  sill  verified  in  the 
area  mapped  is  that  with  fine  columnar  jointing  which  forms 
Preshal  More,  near  Talisker:  here  the  total  thickness  shown  is 
about  500  feet. 

The  accompanying  section  (Fig.  53)  will  illustrate  the  important 
part  which  the  sills  play  in  the  structure  of  the  basaltic  moorlands. 
It  is  taken  in  a  north-easterly  dii'ection  from  the  high-road  a  little 
west  of  Inver  Meadale  farm-house,  near  Struan,  and  traverses 
Monadh  Meadale,  one  of  the  hills  to  the  north-east  of  Loch  Harport. 
Here  a  total  thickness  of  about  2000  feet  is  distributed  approxi- 
mately as  follows : — 


Feet. 

Feet. 

325 

Four-fold  sm 

Lavas 

55 

200 

Four-fold  sill 

35 

(Lavas  to  S.E.) 

sm 

— 

Lavas 

50 

115 

Double  sill 

Lavas 

65 

140 

Double  sm 

Lavas 

65 

165 

Double  sill 

Lavas 

60 

55 

sm 

Lavas 

100 

40 

Sill 

Lavas 

120 

30 

sm 

Lavas 

1&5 

50 

sm 

Lavas 

175 

50 

sm 

1,205  ft. 

795  ft,  Lavas. 

It  is  seen  that  the  sills  become  more  numerous  as  we  ascend  in 
the  succession,  and  collectively  make  up  three-fifths  of  the  whole 
thickness.  Of  the  upper  half  of  the  section  the  sills  make 
about  five-sixths,  of  the  lower  half  about  three-eighths.  It 
is  also  seen  in  the  section  that  the  tendency  of  the  sills  to  run 
together  as  double  or  multiple  sills  becomes  moi'e  pronounced  as 
we  pass  upward,  and  this  too  seems  to  be  very  generally  true 
throughout  the  basalt  tract.  A  section  taken  farther  northward, 
e.g,  at  the  Quiraing,  would  probably  bring  out  even  more  strikingly 
the  importance  of  the  intrusive  sills  intercalated  among  the  basaltic 
lavas,  but  our  detailed  survey  has  not  extended  into  that  part  of 
the  island. 

The  persistence  and  reguloHty  of  the  sills  are  very  remarkable. 
Whether  in  the  basaltic  lavas  or  in  the  Jurassic  strata,  they  may 
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often  be  traced  for  long  distances,  maintaining  accurately  a  defined 
horizon.  Among  the  basalts  it  is  not  uncommon  to  find  two  sills 
which  have  been  separated  coming  together ;  but  this  is  susceptible 
of  two  alternative  explanations  :  one  of  the  sills  may  have  broken 
obliquely  across  the  basalt  lavas  intervening,  or  a  lava-flow  dividing 
the  two  sills  may  have  died  out.  Since  the  several  flows  of  lava 
are  as  a  rule  not  distinguishable,  except  in  so  far  as  they  are 
separated  by  sills,  no  simple  criterion  is  available ;  but  the  latter 
alternative  is  probably  the  usual  explanation,  and  the  indications 
go  to  show  that  the  individual  sills  have  in  general  a  much  greater 
lateral  extension  than  the  individual  lava-flows. 

We  shall  have  to  point  out  in  another  chapter  that  the  basic 
dykes  of  our  area  do  not  traverse  difierent  kinds  of  rock  with  equal 
facility,  but  exhibit  very  marked  preferences.  In  the  nature  of  the 
case  a  sill  does  not  usually,  like  a  dyke,  encounter  difierent  country 
rocks  in  its  progress ;  but  when  such  a  case  occurs  we  find  the 
same  reluctance  to  enter  certain  kinds  of  rock.  Thus  the  sills  have 
not  without  diflSculty  penetrated  a  mass  of  volcanic  agglomerate 
lying  in  their  path,  and  may  sometimes  be  seen  to  die  out  rapidly 
in  such  a  mass.  A  good  illustration  of  this  is  seen  at  the  south- 
western comer  of  Camas  B^n,  near  Portree  {see  Fig.  6,  p.  23).  We 
have  already  seen  that  the  sills  are  completely  stopped,  not  only  by 
the  peridotites,  gabbros,  and  gi'anites,  but  also  by  the  basaltic  lavas 
metamorphosed  in  the  vicinity  of  those  rocks. 

As  regards  the  manner  of  intrusion  of  the  sills,  it  cannot  be 
doubted  that  they  were  fed  through  dyke-fissures.  The  diflSculty  of 
identifying  with  certainty  any  of  the  dykes  representing  these 
feeders  is  one  to  which  it  is  not  necessary  to  attach  much 
importance.  Apart  from  an  ocular  demonstration  of  the  continuity 
of  a  sill  with  its  dyke-feeder,  which  could  only  be  expected  as  a 
rare  accident,  there  s<5ms  to  be  no  means  of  discriminating  the 
feeders  of  the  sills  from  the  feeders  of  the  basalt  lava-flows.  It 
may  be  therefore  that  some  of  the  basic  dykes,  earlier  than  the 
majority  of  those  in  the  area,  belong  to  the  great  group  of  sills.  It 
is  probable,  however,  that  the  fissures  through  which  rose  the 
material  to  form  these  sills  are  for  the  most  part  situated  in  that 
portion  of  Skye  lying  to  the  north  of  the  ground  as  yet  surveyed 
in  detail.  That  basic  sills  may  spread  laterally  to  great  distances 
from  their  source  is  evident  from  their  extent  as  actually  seen  in 
Skye,  and  is  still  more  clear  in  areas  where  the  confusing  element 
of  a  great  number  of  sills  is  not  present.  The  Great  Whin  Sill  of 
Teesdale,  for  example,  can  be  traced  over  an  extent  of  80  or  90 
miles  ;  and,  if  its  origin  be  at  Cauldron  Snout,  the  magma  must 
have  forced  its  way  laterally  for  a  distance  of  at  least  70  miles. 

We  shall  have  to  notice  later  that  the  more  massive  sills  have 
presented  an  obstacle  to  the  passage  of  dykes  subsequently  injected. 
This  would  lead  us  to  anticipate  that  the  higJiei*  sills  of  the  great 
group  ivere  in  general  those  earlier  intnuled.  That  this  was  the  case 
appears  from  several  circumstances,  and  especially  from  the  fact 
that  multiple  sills  become  more  frequent  towards  the  upper  part  of 
the  group.     A  dyke-fissure  propagated   upward   would  often   be 
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arrested  at  the  lower  surface  of  a  sill,  and  the  magma  forced  up 
through  the  fissure  would  then  spread  laterally,  forming  a  new  sill 
immediately  below  the  earlier  one.  In  this  way  the  new  sill  would 
at  most  have  to  traverse  the  dyke-feeder  or  feeders  of  the  earlier 
sill,  a  much  easier  matter  than  penetrating  the  sill  itself.  It  is 
also  probable  that  a  given  fissure  has  often  served  for  more  than  one 
intrusion,  so  that  the  feeders  would  sometimes  be  multiple  dykes. 

The  basic  sills  of  this  great  group,  presenting  a  very  general 
community  of  petrographical  characters,  show  also  considerable 
uniformity  as  regards  habit  and  appearance  in  the  field.  In  thick- 
ness there  is  great  variation,  the  single  sills  ranging  from  a  few 
inches  to  200  feet  or  more.  Apart  from  this,  the  chief  difference 
observable  among  the  sills  in  the  field  depends  upon  the  degree  of 
development  of  columnar  jointing  in  the  rocks.  Tliis  character 
may  be  wholly  wanting,  or  may  occur  with  varying  development 
and  regularity.  Where  it  is  absent,  the  sills,  and  especially  those 
of  moderately  large  dimensions,  very  often  show  a  certain  platy  or 
rudely  laminated  structure  parallel  to  the  upper  and  lower  surfaces 
and  most  marked  in  the  neighbourhood  of  those  surfaces.  This  is 
often  found  also  in  association  with  the  columnar  jointing.  It 
imparts  a  certain  quality  of  fissility  to  the  sill,  but  is  not  related  to 
anything  in  the  intimate  structure  of  the  rock,  and  must  be  regarded 
as  an  effect  of  contraction. 

Conspicuous  columnar  jointing  in  the  sills  seems  to  have  a  well- 
defined  geographical  distribution  in  the  island.  It  is  very 
prevalent  and  often  very  perfectly  developed  in  the  north,  but 
gives  place,  as  we  pass  southward  towards  the  central  tract,  to  a 
rude  division  into  blocks,  frequently  showing  the  quasi-horizontal 
platy  structure  already  mentioned.  When  most  clearly  marked, 
the  columns  are  as  a  rule  at  right  angles,  or  nearly  so,  to  the 
surfaces  of  the  sills,  and  therefore  make  only  a  small  angle  with 
the  vertical,  depending  on  the  dip  of  the  sills  themselves.  Irregul- 
arities are,  however,  found  in  some  places  (Plate  IX.).  The 
columns  extend  from  top  to  bottom  of  even  the  thickest  sills, 
though  they  may  be  broken  at  intervals  by  cross-joints. 

Some  of  the  finest  examples  of  columnar  jointing  are  seen  in  the 
two  hills  named  on  the  Ordnance  map  Preshal  More  and  Preshal 
Beg,*  near  Talisker.  They  are  two  outliers  of  the  same  multiple 
sill,  which  is  columnar  throughout.  The  most  regular  develop- 
ment is  seen  in  the  lowest  member,  which  forms  the  steep  sides  of 
each  hill.  As  seen  on  the  south-east  side  of  Preshal  Beg,  this  is 
from  70  or  80  to  100  feet  thick,  the  columns  often  ranging 
unbroken  through  this  distance.  They  are  perpendicular  to  the 
surfaces  of  the  sill,  and  at  the  west  end,  where  the  sill  itself  is 
rather  sharply  tilted  up,  the  columns  are  inclined  so  as  to  preserve 
their  approximate  perpendicularity.  On  the  north  side,  however, 
their  inclination  is  less  according  to  rule.  The  cross-section  of 
any  column  is  an  irregular  polygon  of  from  4  to  7  sides,  with 

*  They  have  attracted  the  notice  of  several  of  the  earlier  writers,  the  name 
appearing  under  various  disguises :  Briis-mhawl  (Pennant),  Breeze-hill 
(Jameson),  and  Brishmeal  (Macculloch). 
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diameter  asnalljr  between  1  and  2  feet ;  and  the  same  form  and 
dimensions  are  preserved  throughout  the  length  of  the  column. 
Beeting  upon  this  regularly  jointed  sill,  and  foi-ming  the  upper  part 
of  the  bold  hill,  are  two  or  more  other  sille,  in  which  the  columns 
are  smaller  and  less  perfectly  formed,  and  tend  to  form  rather 
divergent  hunches.  These  upper  sills  have  a  thickness  (left  after 
erosion)  of  180  to  200  feet,  the  thickness  of  the  whole  multiple  sill 
being  not  less  than  275  feet.  Preahal  More  shows  a  like  arrange- 
ment (Fig.  54),  and  here,  in  the  precipitous  northern  face  of  the 
hill,  the  total  thickness  of  columnar  rock  shown  is  scarcely  less 
than  500  feet.  There  are  in  places  irregularities  in  the  disposition 
of  the  columns,  which  are  sometimes  curved  (Plate  IX.).  The 
arrangement  shoivn  in  these  hills,  of  a  lower  sheet  ivith  very 
regular  columns  overlain  by  one  or  more  sheets  with  a  more 
confused  prismatic  structure,  seems  to  be  not  uncommon  in  other 
parts  of  the  Inner  Hebrides,  Fingal's  Cave  in  Staffa  being  a  well- 
known  example. 


Perhaps  the  most  striking  exhibitions  of  columnar  jointing  in 
Skye,  however,  are  to  be  seen  on  the  east  coast.  As  we  proceed 
northward,  the  first  example  is  met  with  at  Rudlia  Buidhe,  between 
Loch  Sligachan  and  Portree  Harbour  (Plate  X.").  Beyond  Portree, 
the  thick  sills  intruded  in  the  Jurassic  strata  display,  as  exposed 
in  the  sea-cliffs,  a  highly  developed  and  very  regular  columnar 
structure,  which  reaches  its  climax  in  the  Kilt  Eock"  and  along 
the  coast  of  Loch  StafEn.t 

Very  striking  are  the  magnetic  phenoinena  connected  with  the 
sill-rocks.t  In  the  moorland  country  these  rocks,  as  we  have 
remarked,  usually  form  all  the  salient  features.  In  the  neighboiu-- 
hood  of  any  prominent  ridge  or  knoll,  which  stands  out  above  the 
surrounding  ground,  the  compass  shows  a  very  sensible  deflection 
from  the  normal  magnetic  meridian.     Projecting  knobs  of  rock  are 

*See  ekeUih  by  Sir  A.  Geikie,  Quart.  Jwim.  Geot.  Soc.,  vol.  Hi.,  p.  374: 

tThe  name  StAftin,  like  tlint  ot  the  island  StaEfa  (from  the  Norae  atui; 
staff)  is  doubtless  in  alluaion  to  this  Eeature. 

t  Harker,  MBcnetic  DiBturbances  in  the  Isle  ot  Skye,  Proc.  Oamb.  Phil. 
Soc.,  vol.  I.,  lip.  268-278,  PI.  XL,  XII. ;  1900, 


Piirt  of  tliu  iiortlieiii  face  of  Preslml  More,  ntai"  Tnlisker, 
shnwiiif;  curvature  of  columns. 
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found  to  be  places  of  violent  magnetic  disturbance,  particular 
points  in  the  rock  attracting  either  the  north  or  the  south  pole  of 
the  needle,  and  giving  evidence  of  strong  permanent  magnetism 
distributed  in  an  irregular  fashion,  as  already  noticed  in  the  gabbro 
of  the  mountains.  Again,  areas  sometimes  hundreds  of  yards  in 
extent  often  show  disturbances  of  a  lower  order,  but  still  easily 
verified  with  the  pocket-compass.  Such  an  area  embraces  one  or 
more  centres  of  violent  local  disturbance,  and  the  efiects  become 
gradually  less  noticeable  with  increasing  distance.  There  appear 
to  be  evident  relations  between  the  two  orders  of  phenomena,  and 
it  is  possible  that  much  more  wide-spread  but  feebler  disturbances, 
only  to  be  detected  by  a  systematic  magnetic  survey,  may  also  be 
connected  with  permanent  rock-magnetism.  The  localisation  of 
the  more  strongly  marked  phenomena  in  exposed  summits  and 
ridges  decidedly  suggests  atmospheric  electricity  as  the  cause  of  the 
magnetisation. 

The  rnstamorj)hism  produced  by  the  siUs  in  older  rocks  adjacent 
to  them  is  never  comparable  in  degree  and  extent  with  the  efiects 
set  up  in  the  neighbourhood  of  the  gabbro  and  granite  masses. 
The  basaltic  lavas  in  contact  with  the  sills  of  the  plateaux  often 
show  no  perceptible  change  from  this  cause.  Even  in  the  Jurassic 
rocks  invaded  by  the  thick  sills  of  the  Trottemish  coast,  as  Sir  A. 
Geikie*  has  noted,  the  alteration  "  seldom  goes  beyond  a  mere 
induration  of  the  strata  for  a  few  yards,  often  only  for  a  few  inches 
from  the  surface  of  junction."  In  their  being  attended  as  a  rule 
by  little  or  no  conspicuous  thermal  metamorphism  the  sills  resemble 
the  ordinary  dykes  of  the  district. 

Of  reciprocal  modification  of  a  mineralogical  kind  in  the  sills 
themselves  at  their  contact  with  sedimentary  rocks  we  have  not 
found  any  indication.  Brycet  recorded  dipyre  as  occurring  in  a 
thick  sill  on  the  shore  of  Loch  Staffin.  This  sill  is  intruded  among 
Jurassic  strata,  partly  calcareous,  and  forms  the  base  of  the  well- 
known  Loch  Staffin  section. 

One  place  only  calls  for  special  notice  as  illustrating  an  advanced 
degree  of  metamorphism  produced  by  the  basic  sills.  This  is  in 
the  Isle  of  Soay,  where  the  relations  of  the  rocks  have  been  studied 
and  specimens  collected  by  Mr  Clough.  The  country-rock  here  is 
a  coarse-grained  grit  of  Torridonian  age,  consisting  of  quartz  with 
a  considerable  amount  of  alkali-felspars,  these  latter  being  turbid 
and  iron-stained  [9984].  At  certain  localities  the  grit  has  been  in 
great  part  vitrified  in  contact  with  basic  sills,  which  are  in  no  case 
more  than  10  feet  thick.  A  series  of  specimens  has  been  examined 
from  a  little  bay  near  the  extreme  south  point  of  the  island  [9981- 
9983].  In  its  most  altered  condition  the  rock  has  the  black 
vitreous  appearance  of  a  pitchstone,  but  in  this  as  a  matrix  are 
enclosed  little  pale  spots  which  represent  undestroyed  grains  of 
quartz.  Mr  Clough  found  the  specific  gravities  of  two  specimens 
to  be  2*42  and  2*47.     Thin  slices  present  under  the  microscope  a 

*  Quart.  Joum.  Choi.  Soc.,  vol.  lii.,  p.  376  :  1896 ;  and  Ancient  Volcanoes  of 
Q^reat  BHtain,  vol.  ii.,  p.  310 :  1897. 
t  Quart.  Joum.  Oeol.  Soc.^  vol.  xxix.,  p.  328  :  1873. 
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very  beautiful  appearance.  In  one  variety  relics  of  quartz-grains 
are  preserved  in  a  matrix  consisting  principally  of  colourless  glass. 
The  grains  are  evidently  corroded,  and  a  large  part  of  the  quartz 
of  the  grit,  with  the  whole  of  the  felspar  and  iron-oxide,  has  been 
fused  to  make  the  matrix.  This  latter  is  a  clear  colourless  glass 
crowded  with  little  crystals  (see  PI.  XXI.,  Fig.  3).  Three  minerals 
are  to  be  recognised  among  these  crystals.  First  there  is  magnetite 
in  sharp  octahedra,  usually  not  more  than  '0005  inch  in  diameter. 
Secondly,  and  of  later  formation  than  the  magnetite,  which  it 
sometimes  encloses,  is  cordierite,  in  well-shaped  crystals  averaging 
about  '001  inch.  These  are  perfectly  clear  and  colourless.  They 
have  the  crystal  habit  usual  in  this  mode  of  occurrence,*  giving 
rectangular  and  hexagonal  sections,  but  we  have  not  detected 
polysynthetic  twinning.  The  third  mineral  builds  slender  rods 
with  a  fibrous  structure  longitudinally,  and  has  a  faint  greenish- 
yellow  tint.  It  seems  to  be  pleochroic,  and  the  extinction,  when  it 
can  be  verified,  is  nearly  parallel  to  the  length  of  the  rods.  The 
mineral  is  perhaps  segirine. 

In  another  specimen  [9981]  the  same  three  minerals  occur  in 
the  colourless  glass,  magnetite  being  specially  abundant,  but  there 
are  in  addition  little  rods  of  clear  new-built  felspar.  These  seem 
to  be  connected  in  a  very  intimate  manner  with  the  corrosion  of 
the  quartz-grains,  being  densely  massed  in  embayments  of  these. 
This  slice  shows  the  junction  with  the  dolerite  sill.  Approaching 
this,  the  cordierite-crystals  disappear,  while  the  pale-tinted  fibrous 
rods  become  very  plentiful.  They  are  here  of  stouter  shape  than 
before,  and  their  pleochroism  and  low  extinction-angle  can  be 
verified,  but  it  is  not  certain  whether  they  belong  to  an  amphibole 
or  a  soda-pyroxene.  TowaixJs  the  dolerite  the  glassy  matrix 
encloses  felspars  from  that  rock  and  little  gi-ains  of  augite 
resembling,  except  in  their  granular  form,  that  of  the  dolerite. 
The  quartz-grains  are  not  found  in  this  part.  Immediately  con- 
tiguous to  the  dolerite,  the  glassy  matrix  assumes  a  brown  colour. 
It  seems  that  there  has  been  a  certain  degree  of  commingling 
between  the  dolerite  magma  and  the  fused  grit.  This  is  evident  at 
the  actual  junction,  and  even  in  other  places  the  formation  of 
cordierite  seems  to  imply  an  accession  of  magnesia.  The  dolerite 
itself,  beyond  the  narrow  zone  characterised  by  brown  glass,  is, 
however,  of  quite  normal  character.  In  another  specimen  sliced 
[9983]  the  relations  are  more  complicated,  the  actual  junction 
between  the  vitrified  grit  and  the  dolerite  being  of  highly  irregular 
form.  The  matrix  enclosing  the  relics  of  quartz-grains  is  here  pale 
bro\\Ti  and  turbid,  and  is  found  to  depolarise,  being  apparently  in 
great  part  felspathic.     There  has  evidently  been  considerable  later 

*Tlie  forms  present  are  the  prism,  brachypinacoid,  and  basal,  and  the 
habit  is  such  as  to  simulate  very  closely  a  hexagonal  prism.  The  vertical 
length  is  not  much  greater  than  the  transverse  diameter.  For  such 
microscopic  cordierite  crystals  see  especially  Prohaska,  Sitz.  fVien  Akad.^ 
math,-natuno.  Classe,  vol.  xcii.,  pp.  20-32  :  1885  ;  and  Zirkel,  Neu,  Jahrb., 
1891,  vol.  i.,  pp.  109-112  ;  also,  for  figures,  Hussak,  Sitz,  Wien  Akad^  math.- 
natunv.  Classe,  vol.  Ixxxvii ,  pp.  332-360  :  1883. 
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decomposition,  the  yellowish-green  rods,  abundant  in  places,  being 
quite  destroyed.     Cordierite  is  not  recognised  here. 

It  is  by  no  means  certain  that  the  sills  which  produce  these  very 
striking  changes  in  the  Torridonian  grits  belong  to  what  we  have 
styled  the  "  great  group."  Of  the  basic  sills  of  Soay  in  general, 
which  are  rather  numerous  though  individually  of  no  great  magni- 
tude, it  appears  that  some  at  least  are  to  be  referred  to  a  much  later 
epoch.  Mr  Clough  has  observed  three  clear  instances  of  the  vitrifica- 
tion of  grits  in  Soay,  besides  others  in  which  the  eflfects  seem  to  be 
obscured  by  subsequent  alteration.  Some  of  these  are  in  con- 
nection, not  with  basic,  but  with  ultrabasic  sills,  which  belong  to  a 
very  late  stage,  and  will  be  discussed  in  a  later  chapter.  The 
vitrification  is  only  locally  produced  in  the  case  of  any  given  sill. 

We  pass  on  to  the  petrographical  characters  of  the  great  group  of 
sills.  They  appear  in  the  field  as  dark  rocks  usually  of  moderately 
fine  texture,  but  evidently  crystalline  :  only  exceptionally,  in  some 
of  the  thinner  sills,  do  we  find  a  compact  appearance  comparable 
with  what  is  seen  in  the  basalt  lavas.  The  rocks  are  typically  non- 
porphyritic,  and  in  general  not  amygdaloidal,  though  in  some  cases 
amygdules  occur  sparingly.  There  is  as  a  rule  little  appearance  of 
decomposition,  excepting  a  rusty  surface  due  to  oxidation.  The 
specific  gravity  is  high.  Forty  examples  gave  figures  varying  from 
2*82  to  3*07,  with  a  mean  of  2*94.  It  is  clear  that  the  rocks  are 
all  of  basic  composition,  and  are  not  varied,  as  in  the  volcanic 
group,  by  sub-basic  types. 

A  striking  characteristic  of  the  basic  sills  as  compared  with  the 
basic  lavas  is  their  much  fresher  condition.  This  is  partly  con- 
nected with  the  general  absence  of  any  vesicular  structure.  When 
scattered  amygdules  are  present,  they  consist  of  calcite  or  other 
secondary  products,  rarely  chloritic.  Veins  of  decomposition- 
products  are  decidedly  rare.  In  the  thick  sill  which  fonns  the  clifi* 
at  Rudha  Buidhe,  between  Portree  and  the  Braes,  there  are 
irregular  veins  and  knots  of  yellowish  crystalline  calcite.  This  has 
in  part  a  brecciated  structure  with  clear  radiating  growths  sur- 
rounding dull  patches,  and  in  the  interspaces  there  is  a  little 
chalcedony,  also  with  radiate  structure  [9256]. 

The  very  small  amygdules,  which  occur  sparingly  in  some  of  the 
sills,  are  of  regular  spherical  form.  Where  scattered  amygdules  of 
larger  size  are  present,  they  have  a  rather  more  irregular  shape, 
but  still,  as  a  rule,  without  systematic  elongation  in  any  particular 
direction.  This  is  a  point  of  contrast  with  the  basaltic  lavas  and 
also  with  many  of  the  basic  dykes,  of  the  region.  The  infrequency 
of  a  conspicuous  amygdaloidal  structure  is  a  character  not  only  of 
the  great  group  of  sills  but  also  in  varying  degree  of  other  groups 
of  sill-formed  intrusions  in  our  area.  Mr  Clough  notes  that  in 
some  of  the  sills  in  the  Isle  of  Soay  amygdules  are  more  abundant 
near  the  top  than  near  the  bottom,  but  they  always  decrease  in  size 
close  to  the  margins,  as  is  also  the  case  in  the  dykes. 

To  illustrate  the  chemical  composition  of  the  sills  of  the  great 
group  two  complete  analyses  have  been  made  by  Dr  Pollard  (I., 
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II.).  We  have  not  for  comparison  with  these  any  other  published 
analyses  of  rocks  from  the  British  Tertiary  suite,  which  are 
definitely  stated  to  be  from  sills,  and  can  be  assumed  to  belong 
to  the  "  great  group."  It  is  highly  probable,  however,  that  the 
"trap"  rocks  from  Fingal's  Cave  and  the  Giant's  Causeway, 
analysed  many  years  ago  by  Streng,  are  to  be  placed  here,  and  we 
accordingly  quote  the  figures  for  these  in  columns  A  and  B. 

It  is  to  be  noticed  that,  while  these  rocks  have  about  the  same 
silica-percentage  as  the  gabbros,  they  differ  widely  in  other  respects. 
The  sills  are  poorer  in  alumina  and  lime,  and  richer  in  iron  and 
alkalies.  Two  minor  constituents  also  show  significant  differences : 
the  sills  have  an  exceptionally  high  percentage  of  titanic  acid,  and, 
unlike  the  gabbros,  they  contain  phosphoric  acid  to  an  amount 
such  as  is  usual  in  basic  igneous  rocks  in  other  regions. 

In  the  photographs  of  the  aro-spectra  of  these  two  rocks  kindly 
communicated  by  Sir  J.  Norman  Lockyer  the  lines  corresponding 
with  Ti,  Cr,  Va,  and  Sr  are  all  very  clearly   shown,   those  for 
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I.  Olivine-dolerite  [8057],  sill  500  yards  N.  of  tarn,  Broc-bheinn,  about 

4  miles  W.N.W.  of  Sligachan :  anal.  W.  Pollard,  Summary  of 
Progress  Geol.  Sur.  for  1899,  p.  173.  Vanadium  and  strontium 
were  detected  spectroscopically  by  Sir  J.  Norman  Lockyer  in  this 
and  the  next  rock. 

II.  Olivine-dolerite  [7854],  sill  forming  summit  of  Ben  Lee,  N.W.  of 

Loch  Sligachan:  anal.  W.  Pollard,  ihid,^  p.  174. 

A.  "Ti-ap"  [?  dolerite  sill],  Fingal's  Cave,  Staffa:    anal.   A.  Streng, 

Pogg,  Ann.^  vol.  xc,  p.  114;  1853.  (Specific  gravity  by  von 
Dechen,  on  another  specimen.) 

B.  "  Trap  "  [?  dolerite  sill],  Giant's  Causeway,  Antrim  :  anal.  A.  Streng, 

ibid.     (Specific  gravity  by  von  Leonhard,  on  another  specimen.) 
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titanium  and  strontium  being  especially  prominent  in  I.  and  that 
for  chromium  in  II.* 

The  constitiient  minerals  of  the  rocks  are  not  many:  felspar, 
augite,  olivine,  iron-ore,  and  apatite.  The  felspar  is  in  general  a 
labradorite,  but,  judged  by  extinction -angles  in  thin  slices,  often  a 
rather  basic  variety  of  labradorite ;  and  sometimes,  as  in  the  Ben 
Lee  sill  of  Analysis  II.,  it  is  a  bytownite.  The  crystals  in  rocks  of 
average  texture  are  about  -^  inch  long,  but  there  is  considerable 
difference  in  this  respect  in  different  sills.  They  show  the  usual 
tabular  habit  parallel  to  the  brachjrpinacoid,  giving  rectangular 
sections,  which  in  the  finer-textured  rocks  are  of  slender  form. 
Carlsbad  and  albite  twinning  are  constantly  found.  Sections 
parallel  to  the  twin-lamelte  often  show  a  more  rounded  outline, 
and  between  crossed  nicols  a  zonary  banding. 

The  augite  has  invariably  crystallised  after  the  felspar.  It  is 
light  brown  to  nearly  colourless  in  thin  slices.  In  some  sills,  such 
as  the  great  one  in  the  Jurassic  at  SteinschoU,  there  is  a  purple 
tinge  with  distinct  pleochroism  [5336],  The  mineral  is  usually 
quite  fresh.  K  it  shows  any  alteration,  this  is  of  the  serpentinous, 
not  the  chloritic,  kind,  and  the  augite  is  probably  of  a  non- 
aluminous  variety. 

The  great  majority  of  the  rocks  contain  olivine,  which  is 
certainly  much  more  general  here  than  in  some  other  groups  of 
basic  rocks  in  Skye.  Sometimes  it  shows  crystal  outlines  with  the 
usual  habit,  but  more  often  it  has  a  rounded  shape.  In  most  of 
the  rocks  it  is  quite  fresh :  if  altered,  it  gives  rise  sometimes  to 
green  or  yellow  serpentine,  sometimes  to  a  light  yellowish  or 
reddish  brown  mineral  with  mica-like  cleavage,  wnich  seems  to  be 
of  the  iddingsite  class. 

Magnetite,  or  at  least  an  iron-ore  with  octahedral  form,  is 
constantly  present,  and  sometimes  abundant,  e,g,  in  the  Broo- 
bheinn  sill  of  analysis  I.  Only  exceptionally  does  it  form  irregular 
grains,  which  may  then  be  moulded  upon  the  felspar  crystals.  The 
only  remaining  mineral  is  apatite,  which  is  generally  distributed  in 
small  quantity. 

The  micro-structure  is  almost  as  uniform  as  the  mineralogical 
constitution,  the  great  majority  of  these  sill-rocks  being  typically 
ophitic.  This  structure  is  not  only  much  more  general,  but  also  as 
a  rule  much  better  developed  than  in  the  basic  lavas,  and  it  is 
common  to  find  the  augite  building  plates  suflSciently  large  to 
enclose  numerous  felspar  crystals.t    The  structure  is  found  on 

*  Since  the  above  was  writteo,  Dr  Pollard  has  made  actual  estimations  of 
chromium  and  vanadium  in  some  of  the  Skye  rocks  {Summary  of  Progress, 
Creol,  Sur.  for  1902,  pp.  60,  61).     The  figures  are  here  reproduced  : — 
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Olivine-Basalt  lava  (p.  31), 
Olivine-Gabbro  (p.  103,  I.),     . 
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Olivine-Gabbro  (p.  103, 
"80571  Olivme-Dolerite,  sill  (p.  248,  I.), 
''8062]  Dolerite,  inclined  sheet  (Ch.  XXI.), 

+  The  olivine-dolerite,  probably  a  siU,  from  Porfcree  figured  in  Teall's 
British  Petrography,  pi.  X.,  fig.  2,  is  a  good  example. 
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various  scales,  but  is  most  marked  in  the  finer-textured  varieties. 
A  micro-ophitic  dolerite  of  this  kind  forms,  e.g.,  the  lower  columnar 
sill  of  Preshal  Beg  [9249],  where  the  interlocking  augite-plates  are 
about  ^  inch  in  diameter,  and  each  encloses  many  little  felspars 
about  yj^  inch  long.  The  ophitic  stracture  is,  however,  not 
universal.  The  "  granulitic  "  type  is  found  in  some  of  the  rocks, 
e.g.  in  that  from  Broc-bheinn  analysed  above,  although  neigh- 
bouring sills  are  ophitic.  We  consider,  with  Professor  Judd,  tnat 
the  '*  granulitic  "  stinicture  is  a  result  of  movement  in  the  mass 
prolonged  to  a  late  stage  in  the  consolidation :  it  does  not  import 
any  difference  in  the  nature  of  the  rock. 

The  rocks  composing  the  sills  of  the  great  group  are  then  for  the 
most  part  olivirie'dolentes.  Where  olivine  fails,  as  in  the  Preshal 
Beg  rock  mentioned  above  and  the  Slat  Bheinn  rock  to  be  described 
below,  this  character  does  not  connect  itself  with  any  other  essential 
differences,  and  we  are  not  disposed  to  regard  it  as  of  primary 
classificatory  value.  Little  diffei'ence  is  observable  among  the 
several  sills  of  the  group,  excepting  that  the  smaller  ones, 
especially  when  they  occur  among  the  Jurassic  strata,  are  of 
somewhat  finer  texture,  and  might  be  denominated  basalts 
rather  than  dolerites. 

The  sills  are  in  general  non-porphyritic,  presenting  an  even- 
grained  appearance  without  any  evident  crystals  of  conspicuous 
dimensions.  There  are,  however,  exceptions  to  this  rule,  and 
these  are  in  some  parts  of  the  area  not  uncommon.  Here  felspar 
phenocrysts  occur,  often  |  inch  or  1  inch  in  length.  They  are 
never  closely  set,  and  in  most  cases  are  scattered  so  sparingly 
through  the  rock  that  they  scarcely  attain  to  the  rank  of  normal 
porphyritic  elements,  but  suggest  rather  some  special  conditions 
attending  the  intrusion  of  these  particular  sill-rocks.  Good 
examples  of  these  sporadically  porphj/ritic  or  qtuisi-porphyritic 
rocks  are  the  great  columnar  sills  of  Preshal  Beg  and  Preshal 
More  and  the  strong  silfe  forming  the  higher  parts  of  Biod  Mdr 
near  Loch  Eynort.  As  an  occurrence  more  easily  accessible  may 
be  mentioned  the  sill  which  forms  the  hills  of  Diln  Merkadale  and 
Cnoc  Simid,  near  Carbost. 

Typically  porphyritic  rocks  are  decidedly  rare.  We  exclude  here 
certain  special  sills  of  composite  habit,  which  differ  entirely  from 
the  ordinary  sills  of  the  great  group,  and  will  be  described 
separately.  As  an  example  of  a  sill  rich  in  porphyritic  elements 
we  take  one  which  forms  a  strong  escarpment  on  the  steep  slope 
overlooking  Loch  Harport,  beyond  the  mouth  of  Meadale  Burn. 
This  shows  abundant  felspars,  besides  little  grains  of  olivine,  in  a 
close-textured  matrix.  The  felspars  are  of  irregular  shapes,  and  in 
a  slice  [9806]  they  are  seen  to  be,  not  single  crystals,  but  aggre- 
gates, which  further  include  here  and  there  a  little  patch  of  augite, 
unlike  the  ophitic  augite  of  the  matrix.  This  "glomeroporphyritic" 
structure — to  adopt  a  term  of  Professor  Judd — suggests  that  here 
also  these  enclosed  elements  have  not  the  status  of  true  porphyrit- 
ically  developed  crystals.  The  felspars,  ranging  up  to  about 
\  inch  in  length,  have  rather  broad  twin-lamell»,  and  enclose 
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round  glass-  or  stone-cavities  of  rather  large  size,  concentrated  in 
the  interior  of  the  crystals.  The  rock  is  rich  in  round  grains  of 
olivine.  The  ground  is  micro-ophitic,  the  felspars  being  very 
minute  and  of  slender  shape. 

It  may  be  inquired  whether  any  law  is  apparent  in  the  vertical 
distribution  of  different  petrographical  varieties  among  the  sills  of 
the  great  group,  but  on  this  point  our  observations  are  very  incon- 
clusive. If  a  sequence  of  increasing  basicity  held  among  the 
successively  intruded  magmas,  we  should  expect  to  find  the  higher 
sills  somewhat  less  basic  in  composition  than  the  lower;  and  this 
would  also  imply  that  the  denser  magmas  w^ere  intruded  at  lower 
levels.  It  is  very  doubtful,  however,  w^hether  any  such  law  should 
be  expected  in  this  group  of  rocks,  which,  as  we  have  seen,  is  not 
one  of  the  groups  connected  with  the  Skye  focus  of  eruption ;  and 
such  observations  as  have  been  made  do  not  appear  to  fall  under 
any  defined  principle.  We  may  take  as  an  example  the  sills 
exposed  on  Biod  Mdr,  near  Loch  Eynort.  Specimens  of  the  sill- 
rocks  taken  on  the  western  slope  of  this  hill,  at  intervals  of  about 
100  feet  in  altitude,  ^ve  the  following  residts:  in  descending 
order : — 

Fine-grained,  black,  with  rather  sparse  glassy  felspars  to 

^  inch,  . .  sp.gr.  2*96 

Fine-grained,  dark  grey,  felspars  more  sparse,     . .  „  2*92 

Dark  grey,  with  platy  fracture,     . .  „  2*92 

Felspars  more  abundant  than  before,  but  much  smaller,    „  2*85 

Very  fine-grained,  with  rare  scattered  felspars  to  ^  inch,  ,,  2*83 

With  only  a  few  small  felspar  phenocrysts,  ,,  2*90 

Very  fine-grained,  black,    . .  „  2*83 

Very  fine- grained,  black,    .  .  .,  2*82 

With  abundant  slender  felspars,  up  to  ^  inch,  and 

scattered  round  amygdules,    . .  „  2*85 

With  a  tendency  to  spheroidal  weatbenng,  .  .  „  2*91 

Here  no  law  is  apparent  in  the  arrangement  of  more  and  less 
dense  rocks.  The  occurrence  of  scattered  felspar  crystals  of  relat- 
ively large  size  in  the  higher  sills  is,  however,  a  feature  noticed  in 
numerous  localities,  and  is  possibly  of  significance. 

One  feature  occasionally  observable  in  the  basic  sills  remains  to 
be  noticed,  viz.  the  indvsum  of  foreign  rock-debris  (xenoliihs),  or  of 
isolated  crystals  (xenocrysts)  coming  from  the  disintegration  of 
these.  These  foreign  elements  are  found  only  infrequently  and 
sporadically.  Some  of  them  are  doubtless  of  accidental  nature, 
picked  up  from  the  rocks  traversed  by  the  sills,  e.g,  fragments  of 
basaltic  lava.  Most  of  the  derived  material,  however,  has  probably 
a  somewhat  different  significance,  and  is  not  derived  from  rocks 
visibly  traversed  by  the  sills.  The  most  common  xenoliths  are  of 
gabbro,  and,  as  has  been  remarked  above,  the  sills  now  under  con- 
sideration nowhere  come  into  contact  with  the  gabbro  actually 
exposed  at  the  surface.  A  like  remark  applies  to  the  granite 
xenoliths  which  are  of  rarer  occurrence.  These  foreign  elements 
are  probably  derived  from  a  considerable  depth,  and  may  have  the 
same  source  as  the  gabbro  and  granite  fragments  in  the  volcanic 
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agglomerates,  from  which  we  have  already  been  compelled  to  infer 
the  existence  of  an  older  suite  of  plutonic  rocks  nowhere  brought 
to  light  by  erosion. 

The  petrogi'aphical  characters  of  xenoliths  will  be  considered 
more  particularly  in  treating  of  the  basic  dykes,  where  they  are  of 
much  more  frequent  occurrence.  In  this  place  it  will  be  sufficient 
to  notice  a  single  case,  the  only  one  within  our  knowledge  in  which 
the  derived  elements  are  found  in  such  profusion  as  to  set  their 
mark  on  the  appearance  of  the  rock  as  seen  on  the  ground.  The 
locality  is  in  the  northern  part  of  the  Strathaird  peninsula,  and  the 
sill  forms  the  flat  top  of  Slat  Bheinn  or  An  Dk  Bheinn,  a  hill  built 
essentially  of  the  basaltic  lavas.*  In  the  neighbourhood  of  the 
little  tarn  marked  on  the  map  the  rock  shows  abundant  crystals  of 
felspar,  ^  to  |  inch  long,  scattered  through  the  dark  grey  fine- 
grained ground.  There  are  also  many  enclosed  pieces  of  gabbro, 
and  it  is  easy  to  see,  even  in  hand- specimens,  that  the  felspar 
crystals  are  not  normal  porphyritic  elements  of  the  rock,  but  arise 
from  the  breaking  up  of  the  gabbro  xenoliths.  Some  xenolithic 
dykes  on  the  slopes  of  Slat  Bheinn  perhaps  represent  the  channels 
by  which  the  sill  was  supplied,  but  their  actual  connection  with  it 
has  not  been  demonstrated.  Four  slices  were  made  of  the  sill -rock 
with  its  inclusions  [7466-7469],  The  rock  itself  is  a  rather  fine- 
textured  ophitic  dolerite  with  no  special  peculiarities.  The  felspar 
xenocrysts  show  little  sign  of  change  except  the  production  of 
granular  epidote,  which  is  sometimes  so  plentiful  as  to  impart  a 
yellow  colour  to  the  crystals  in  hand-specimens.  The  derived 
augite,  from  the  gabbro,  when  preserved,  is  more  or  less  obscured 
by  secondary  magnetite  dust,  .ind  in  general  the  mineral  has  been 
totally  destroyed,  being  represented  only  by  clotted  patches  of 
ferruginous  matter  and  presumably  by  some  part  of  the  augite  of 
the  dolerite.  The  undoubted  gabbro  xenoliths  often  show  but 
little  sign  of  any  caustic  action  of  the  magma  upon  them  giving 
rise  to  chemical  reactions ;  and  this  might  be  expected  from  the 
resemblance  in  composition  between  the  enclosed  and  enclosing 
rocks.  It  is  different  with  certain  small  xenoliths,  usually  an  inch 
or  less  in  diameter,  which  seem  to  represent  granite,  and  are  com- 
pletely transformed.  Towards  the  junction  with  one  of  these  the 
dolerite  becomes  rather  richer  in  augite,  and  there  is  some 
uralitisation.  Then,  on  the  border  of  the  xenolith,  comes  a  zone, 
up  to  -jJ^  inch  wide,  of  light  green  pleochroic  chlorite  with  fan-like 
groupings.  This  encloses  little  crj^stals  of  epidote  and  occasionally 
what  looks  like  a  bastite  pseudomorph  after  a  rhombic  pyroxene. 
The  interior  of  the  xenolith  is  recrystallised  as  an  irregular  mosaic, 
or  shows  a  tendency  to  a  radiate  arrangement  extending  inward 
from  the  periphery.  It  is  of  clear  felspar,  usually,  without 
twinning,  and  some  quartz,  and  these  enclose  needles  of  actinolite 
and  little  crystals  of  pale  epidote. 

*  The  rock  carrying  the  xenoliths  was  at  first  grouped  tentatively  with 
the  lavas  (Ann.  Rep.  Geol.  Sur.  for  1896,  p.  73,  and  Sir  A.  Geikie's  Ancient 
Volcanoes  of  Great  Britain,  vol.  ii.,  p.  269;  1897).  Closer  examination, 
both  geological  and  petrographical,  proves  it  to  be  a  sill. 
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It  is  remarkable  tliat  the  sills  rarely  enclose  recognisable  frag- 
ments even  of  the  lavas  among  which  they  are  intruded.  Among 
the  few  instances  observed  may  be  mentioned  one  in  AUt  na  Coille, 
above  Drynoch,  and  another  in  a  bum  crossed  by  the  Portree  road 
about  3J  miles  from  Sligachan.  It  is  possible,  however,  that  in 
some  other  cases  the  true  nature  of  enclosed  pieces  of  basaltic  lava 
is  disguised  by  the  metamorphism  which  they  have  undergone. 
Occasionally  we  find  in  the  sills  sharply  defined  patches  with  an 
amygdaloidal  structure  which  is  wanting  in  the  surrounding  rock. 
Good  examples  of  this  are  seen  in  the  Varragill  River  near  where 
it  is  crossed  by  the  Portree-Sligachan  road. 
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CHAPTER  XV. 
Basic  Sills:  Minor  Groups. 

While  the  great  majority  of  the  basic  sills  of  Skye  are  clearly 
referable  to  one  natural  group,  the  intrusion  of  which  belonged  to 
a  defined  epoch  in  the  sequence  of  eruptions,  there  are  in  numerous 
parts  of  the  area  examined  sills,  or  sometimes  less  regular  intrusive 
sheets,  which  are  to  be  separated  from  those  described  in  the  pre- 
ceding chapter.  They  seem  to  be  in  general  younger  than  the 
great  group,  and  they  certainly  belong  to  more  than  one  distinct 
set;  but  our  information  concerning  their  occurrence  and  their 
petrographical  characters  would  have  to  be  considerably  enlarged 
to  warrant  any  attempt  at  discriminating  the  several  groups  in  a 
systematic  way.  The  following  treatment  is  therefore  confessedly 
incomplete,  and  the  inclusion  in  this  chapter  of  rocks  by  no  means 
contemporaneous  involves  some  departure  from  chronological  order. 
Some  of  these  minor  groups  of  sills  are  developed  more  especially 
in  the  south-eastern  part  of  the  island ;  and  the  basic  lavas,  which 
are  elsewhere  the  principal  home  of  the  sill-formed  intrusions,  are 
there  absent.  With  the  question  of  recognising  distinct  minor 
groups  of  sills  is  also  connected  in  some  de^ee  that  of  the  precise 
limit  in  a  south-easterly  direction  of  the  great  gi'oup  itself. 

We  find  then  that  to  the  east  and  south  of  the  mountain  district 
of  Skye  basic  sills,  or  sheets  of  basic  rock  having  more  or  less  of 
the  habit  of  sills,  are  not  of  infrequent  occurrence.  They  are, 
however,  far  less  abundant  here  than  to  the  north  and  west  of  the 
mountains  ;  nor  do  they  individually  attain  a  thickness  comparable 
with  what  is  seen  in  the  great  group  of  sills.  Moreover,  they  do 
not  always  adhere  with  such  strictness  to  a  definite  bedding-plane  ; 
but  this  is  doubtless  due  mainly  to  the  nature  of  the  country  rock 
in  which  they  are  intruded.  Mr  Clough  has  supplied  the  following 
notes  on  the  basic  sills  and  sheets  in  the  area  surveyed  by  him : — 

**  Basaltic  sills  whicli  keep  tolerably  well  to  the  bedding  are 
common  in  the  Secondary  rocks,  but  not  elsewhere.  In  the 
Torridonian  rocks  there  are  occasional  sheets  inclined  at  rather  low 
angles  to  the  horizon,  but  these  do  not  generally  keep  along  the 
bedding :  most  usually,  indeed,  they  incline  in  an  opposite  direc- 
tion. Thus  in  Abhuinn  Lusa,  nearly  half  a  mile  above  the  bridge, 
there  is  a  sheet  of  olivine-dolerite  which  dips  S.E.,  though  the 
Applecross  Grits  in  which  the  sheet  occurs  are  dipping  N.W. 
Olivine-dolerite  sheets  which  incline  S.E.  or  S.  occur  also  in  a 
tributary  of  Abhuinn  Lusa  about  half  a  mile  N.N.W.  of  Loch  an 
Ime,  and  in  a  bum  about  a  mile  slightly  N.  of  E.  of  Kinloch. 

**  In  one  locality  nearly  half  a  mile  N.N.E.  of  Tarskavaig  Point  a 
dolerite  dyke  sends  ofi*  various  thin  sheets  into  Torridonian  shales 
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and  grits.  They  keep  nearly  along  the  bedding,  but  they  are  only 
about  eight  inches  thick,  and  do  not  extend  far. 

**  Basaltic  sheets  have  intruded  along  some  of  the  Post-Cambrian 
thrusts.  A  sheet  between  four  and  ten  feet  thick  is  seen  every 
here  and  there  along  the  Moine  thrust  from  near  Loch  an  Uamh 
almost  to  Meall  Buidhe, — a  distance  of  nearly  four  miles.  About 
300  yards  W.S.W.  of  Meall  Buidhe  a  thin  sheet,  about  a  foot  and  a 
half  thick,  is  seen  in  the  same  thrust-line.  Sheets  are  also  seen 
in  other  thrusts  on  the  S.  side  of  Sgilrr  na  h-Iolaire,  and  about 
a  third  of  a  mile  N.E.  of  Gillean. 

*'  Most  of  the  basaltic  sheets  and  sills  are  earlier  than  the  dykes 
with  which  they  are  seen  in  contact,  and  appear  to  be  often 
thrown  by  faults.  For  instance,  a  little  E.  and  S.E.  of  Onoc 
C^mach  .(S.S.E.  of  Broadford)  a  series  of  sills  in  the  Secondary 
rocks  are  repeatedly  displaced  by  faults  which  strike  between 
N.N.W.  and  W.N.W.  There  are,  however,  various  sheets  which 
are  not  crushed  or  displaced  by  the  faults  which  strike  across  them* 
For  instance,  a  N.N.E.  sheet  on  the  coast  about  a  quarter  of  a  mile 
N.  of  Tarskavaig  Point  comes  up  to  a  N.  and  S.  fault,  and  runs 
along  it  for  a  short  distance,  but  is  not  crushed  or  thrown  by  it : 
the  sheet  is  older  than  a  close  series  of  N.N.W.  dykes,  which  cut 
it  distinctly.  Again,  in  the  bay  E.N.E.  of  Budha  Ch4m  nan 
Cearc  there  are  thin  sheets  which  cut  a  series  of  E.  and  W. 
crushes :  these  sheets  are,  however,  probably  of  later  age  than 
most  of  the  sheets,  and  they  cut  some  N.W.  dykes." 

That  the  sill-habit  should  be  maintained  with  less  regularity 
among  the  coarser  and  more  massive  strata  of  the  Torridonian  than 
among  Jurassic  shales,  and  should  often  be  wholly  lost  in  the 
former,  might  be  anticipated,  and  seems  to  be  generally  true.  It 
is  well  seen  along  the  northern  coast  of  Scalpay,  where  a  number 
of  basic  sheets,  from  2  to  5  feet  thick,  occur  in  the  coarse  pebbly 
Applecross  Grits.  They  have  as  a  rule  a  north-westerly  dip, 
agreeing  roughly  with  that  of  the  stratified  rocks,  but  the  angle  of 
dip  is  sometimes  different,  and  in  places  the  sheets  are  seen  cutting 
obliquely  across  the  strata. 

That  typical  sill-formed  intrusions  are  of  earlier  date  than  most 
of  the  dykes,  and  in  general  earlier  than  the  chief  epoch  of  Tertiary 
faulting,  is  also  an  observation  of  general  application.  Indeed  it 
might  be  inferred  on  mechanical  grounds  that  regular  sills  of  any 
important  extent  would  not  readily  be  formed  after  the  country 
rocks  had  been  disturbed  and  broken. 

Petrographically  the  smaller  basic  sills  and  sheets  of  the  south- 
eastern part  of  Skye  offer  much  greater  variety  than  those 
belonging  to  the  great  group  as  typically  developed  in  the  north 
and  west.  Some,  especially  in  the  Broadford  and  Strathaird 
districts,  seem  to  have  a  composition  similar  to  that  of  the  great 
group,  to  which  they  are  probably  to  be  attached.  Their  closer 
texture  may  be  attributed  to  the  smaller  size  of  the  sills.  Others, 
however,  present  types  which  are  not  to  be  matched  in  the  north- 
western parts  of  the  island,  and  must  be  referred  to  distinct 
groups.    Although  these  have  not  been  studied  exhaustively,  some 
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of  them  deserve  passing  notice.  A  peculiar  sill  of  a  spherulitic 
basalt  at  Camas  Daraich,  Point  of  Sleat,  will  be  described  in 
Chapter  XIX.,  and  a  group  characterised  by  abundance  of  olivine 
and  the  presence  of  picotite  will  be  included  with  the  later  ultra- 
basic  rocks  in  Chapter  XXII.  One  thick  sill  occurring  at  the  base 
of  the  Mesozoic  rocks  in  the  southern  part  of  Sleat  may  be 
mentioned  here.  It  is  an  ophitic  olivine-dolerite  with  abundant 
porphyritic  crystals  of  labradorite.  Olivine  is  also  abundant,  and 
seems  to  belong  to  two  distinct  generations  [7365].  The  rock  has 
a  specific  gravity  2*96.  It  resembles  certain  dykes,  also  rich  in 
phenocrysts,  which  are  found  in  the  neighbourhood,  and  will  be 
noticed  in  their  place  (Chapter  XV  ill.). 

It  is,  however,  in  another  part  of  Skye  that  we  find  the  most 
interesting  of  the  basic  sills  not  referable  to  the  "  great  group.'* 
These  we  shall  for  clearness  call  the  Roineval  type.  They  are  composite 
dotible  sills  or  laccolites,  the  limited  extent  and  swollen  shape  of 
some  examples  meriting  rather  the  latter  description ;  and  they  are 
composed,  not  of  a  basic  and  an  acid  rock,  but  of  two  basic  rocks  of 
different  kinds.  We  shall  show  that,  in  some  cases  at  least,  the 
two  rocks  have  been  in  a  more  or  less  fluid  condition  at  the  same 
time,  and  have  to  some  extent  intermingled  during  or  after  their 
intrusion ;  but,  the  petrographical  difference  between  the' two  rock- 
types  involved  being  much  less  here  than  in  the  Cnoc  C&mach 
group  of  intrusions,  their  mutual  reactions  are  of  a  less  remarkable 
kind.  The  distribution  of  the  double  sills  in  question,  at  least  in 
that  part  of  Skye  surveyed,  is  very  restricted.  They  have  been 
mapped  in  three  localities,  and  the  separate  intrusions  known  are 
not  more  than  eight  or  nine  in  number.  Their  precise  age  has  not 
been  fixed  with  certainty.  They  are  younger  than  the  sills  of  the 
great  group,  and  not  improbably  belong  to  a  much  later  epoch, 
perhaps  that  of  the  trachy-andesite  dykes  to  be  describe  in 
Chapter  XXIII.  All  the  intrusions  occur  among  the  basaltic 
lavas. 

The  fii'st  locality  to  be  noticed  is  Druim  na  Criche,  a  flat  ridge 
2  miles  N.E.  of  Roineval  and  5  miles  S.S.W.  of  Portree.  The 
basalts  here  dip  to  the  south-west,  and  the  outcrops  of  the  several 
sills  in  question  form  in  general  strong  features  divided  by  peaty 
flats.  They  are  five  in  number,  four  being  of  composite  structure, 
while  the  fifth  (at  its  outcrop  at  least)  consists  of  one  rock  only. 
This  last,  since  the  missing  member  is  the  stronger  rock,  does  not 
make  any  marked  feature.  The  apparent  relations  are  shown  in 
the  accompanying  section  (Fig.  55).  The  rock  which  occasions 
the  prominence  of  four  of  the  sills  is  an  olivine-dolerite  crowded 
with  large  porphyritic  felspars  of  fresh  glassy  appearance.  In  each 
case  this  constitutes  the  upper  member,  and  usually  much  exceeds 
the  other  in  volume.  In  the  highest  or  most  south-westerly  intru- 
sion the  porphyritic  dolerite  itself  seems  to  be  doubled,  so  that  the 
whole  sill  is  really  triple.  The  other  rock  which  constitutes  the 
lower  member,  or  in  one  instance  (the  second  from  the  bottom) 
apparently  occurs  alone,  is,  when  fresh,  a  black  compact-looking 
rock  without  phenocrysts.     In  most  places  it  is  much  weathered. 
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assuming  a  dull  yellowieh-brown  colour  and  a  fiasile  etnicture 
parallel  to  the  surfaces  of  the  sill,  which  gives  it  a  platy  fracture. 
As  this  rock  will  be  referred  to  frequently,  and  belongs  to  a 
peculiar  type,  we  shall  find  it  necessary  to  give  it  a  provisional 
name.  It  will  be  spoken  of  as  "  mugearite,"  a  name  adopted  from 
that  of  Mugeaiy,  the  crofter  village  lying  at  a  short  distance  north. 
The  thick  peat  which  covers  most  of  this  tract  renders  it  difficult  to 
ascertain  the  extent  of  the  intrusions  in  the  direction  of  strike. 
Towards  the  south-east  they  disappear  in  a  short  distance,  but  this 
may  be  owing  to  a  concealed  fault.  Having  regard  to  the  variations 
in  thickness  shown  in  the  visible  outcrops,  it  seems  probable  that 
they  have  something  of  the  laccolitic  habit,  with  no  great  lateral 
extension.  It  is  also  to  be  noticed  that  the  relative  thickness  of  the 
two  members  varies,  even  in  one  double  sill,  and  one  or  other  of 
the  two  may  thin  away.  It  is  not  improbable  that  the  sill  which 
appears  to  be  a  simple  one  has  in  reality  the  same  constitution  as 
the  others,  the  porphyritic  dolerite  dying  out  before  reachii^  the 
actual  outcrop.  This  latter  rook  is  on  the  whole  very  decidedly  the 
predominant  one,  and  attains  in  places  a  thickness  of  fully  100  feet. 


Olivina-Dolarite.  Mugamrlt*. 

Fig.  5&.— Section  through  Druim  na  Crlche,  about  6  miles  S.S.W.  of 
Portree  nnd  bj  miles  N.W.  of  Sligachan ;  ahowing  compoHite  double 
Bilk  or  laceolitea  of  the  Roineval  type.  Scale  r  6  inches  to  a  mile.  The 
prolongation  below  the  surface  is  partly  conjectural. 

The  second  locality  is  Boineval  itself,  a  bold  moorland  hill,  1440 
feet  in  altitude,  situated  some  2  miles  N.  of  Drynoch  and  about 
5J  miles  N.W.  by  W.  of  Sligachan.  Even  from  a  distance  its  out- 
line is  seen  to  be  decidedly  more  rugged  than  that  of  the  neigh- 
bouring hills,  and  examination  shows  that  the  summit  is  made  by  a 
thick  sheet  of  porphyritic  dolerite  similar  to  those  mentioned  above. 
At  least  150  feet  of  this  rock  are  exposed,  and  the  thickness  may 
have  been  greater  before  erosion.  Below  and  in  contact  with  this 
rock  is  a  sheet  of  mugearite  about  9  feet  thick.  This  can  be 
traced  along  the  base  of  the  summit-escarpment  round  more  than 
half  the  circumference  of  the  hill  (see  Map,  Fig,  561,  but  its  thick- 
ness varies  somewhat,  and  on  the  north-eastern  side  it  is  wanting. 
The  whole  has  a  dip  of  about  9"  to  W.S.W.  At  a  lower  horizon 
another  sill  of  the  porphyritic  dolerite,  about  40  feet  thick,  is 
exposed  on  the  southern  slope,  but  does  not  continue  round  the 
hill.     Just  below  is  another  sill  of  mugearite,  which  makes  some 
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spread  on  the  weetem  Blope  of  Boineval,  aa  shown  on  the  map  and 
in  the  section  (Pig,  57).  The  two  memberE  of  this  lower  pair  do 
not  actually  come  t<^ether  here,  but  they  do  so  a  short  distance 
farther  east,  forming  a  double  sill  esposed  aa  an  oatUer  to  the 
Boath-eaet  of  the  mam  hill  (Fig.  56).  Excepting  the  porphyritic 
dolerite  of  the  summit,  the  original  shape  of  which  cannot  be 
ascertained,  the  Boineral  intnisionB  seem  to  have  more  of  the 
typical  sill  habit  than  those  of  the  former  locality. 


When  we  examine  the  surfaces  of  junction  of  the  two  associated 
rocks  in  the  several  occmxences,  some  interesting  points  are 
observed.  At  Druim  na  Crtche,  in  the  few  places  where  the  actual 
contact  ia  exposed,  it  shows  a  perfectly  sharp  boundary  with  no 
appearance  of  intermingling.  No  positive  evidence  bearing  on  the 
relative  age  of  the  two  rocks  ia  there  obtainable,  though  the 
infraposition  of  the  mugearite  in  every  instance  seems  to  indicate 
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that  it  is  the  yoonger.  In  the  anmmit  escarpment  of  Roineval 
there  are  abundant  exposures  of  the  janction  of  the  two  rocks,  and 
these  eufGce  to  show  that  the  relations  differ  in  certain  respects 
from  those  at  the  former  locality.  The  mugearite,  at  one  or  two 
places  on  the  south  side,  sends  little  tongues  3  or  4  inches  wide  a 
short  way  into  the  overlying  rock,  and  is  clearly  the  younger  of  the 
two.  Further,  the  junction  between  the  two  rocks  does  not  always 
present  a  perfectly  sharp  line,  and  the  mngearite  close  to  the 
junction  encloses  porphyritic  felspars  derived  from  the  poiphyi-itic 
dolerite  above.  These  are  found,  in  diminishing  numbers,  to 
distances  of  4  or  6  inches  from  the  line  which  we  take  to  mark 
the  actual  division.  Turning  to  the  lower  double  sill,  as  exposed 
in  the  outlier  to  the  south-east,  we  find  that  here  the  mugearite 
contains  scattered  felspars  throughout  ita  whole  thickness  of  6  or 
8  feet.  They  are  identical  with  the  felspara  in  the  porphyritic 
dolerite,  and  have  undoubtedly  been  derived  from  the  immediately 
overlying  rock  subsequently  to  the  intrusion.  In  proof  of  this  we 
find  that  farther  west,  where  the  mngearite  sill  has  parted  company 
with  its  associate,  it  contains  no  porphyritic  felspars.  The  crystals 
seen  in  the  mugearite  have,  then,  sunk  into  it  while  it  was  in  a  fluid 


Fig,  57. — Section  through  RoineTol,  Bhowing  the  double  sill  at  the  summit 
and  the  lower  muKsarite  aill ;  also  conjectural  relation  of  the  sills  to 
dyke-feeders.     Scale  :  4j  inches  to  a  mile. 

state ;  and  what  we  have  seen  in  the  sills  of  the  Onoc  C&mach 
gi-onp  (Chapter  XIII.)  suggests  that  at  that  time  the  matrix  of  the 
porphyritic  dolerite  may  also  have  been  partially  fluid.  The  two 
rocks  involved  being  in  the  present  case  not  very  different  in  com- 
position," the  tendency  to  interchange  by  diffusion  would  doubtless 
be  much  less  than  in  the  basalt-granophyre  sills. 

Roineval  affords  better  opportunities  than  Druim  na  Cliche  of 
investigating  the  field-relations  of  the  rocks,  and  here  we  find 
certain  dykes  which  not  improbably  mark  the  channels  of  supply  of 
the  sills.  One  large  dyke  is  a  prominent  object  on  the  east  side  of 
the  hill,  about  200  yards  B.  of  the  principal  tarn  (see  Map,  Fig.  56). 
It  is  porphyritic  olivine  dolerite  closely  resembling  that  of  the  sills. 
At  several  places  too  there  are  dykes  of  a  close-textured,  brovm- 
*  The  comparison  ia  between  the  mugearit«  and  the  groundntau  of  the 
porptivritic  dolerite,  which  would  differ  much  teea  than  \iie  bulk,«nalfBeB 
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stained  rock  with  strongly  fissile  structure  parallel  to  the  walls, 
and  these  may  perhaps  represent  the  feeders  of  the  mugearitea. 
They  resemble  equally  in  their  general  appearance  the  trachytic 
dykes  of  the  Drynoch  group,  to  be  described  later  (Chapter  XXIIL), 
but  they  are  not  sufiiciently  well  preserved  for  detailed  examination. 
The  Drynoch  dykes  have  many  points  in  common  with  the 
mugearites,  and  we  are  inclined  to  refer  these  latter  to  the  same 
epoch,  which  is  certainly  a  very  late  one.  It  is  in  any  case 
important  to  observe  that  the  dykes  on  Roineval  intersect  all  the 
ordinary  dolerite  sills.  At  one  or  two  places  in  the  Dr3moch 
neighbourhood  there  are  double  dykes,  one  member  being  a  highly 
fissile  close-textured  rock  and  the  other  a  poi'phyritic  olivine- 
dolerite  or  basalt,  not  unlike  the  Roineval  type  but  of  finer  texture. 
The  dykes  on  Roineval  itself  are,  however,  simple  ones. 

The  third  locality  where  a  sill  comparable  with  those  of  Roineval 
has  been  studied  is  more  than  six  miles  distant.  Two  miles  from 
Talisker  in  the  direction  N.  15^  W.,  and  600  yards  N.N.E.  of  the 
tarn  named  Loch  Dubh,  is  an  abrupt  isolated  hill  crowned  by  a 
ruined  fort  or  DCin.*  This  hill  is  made  by  an  outlier  of  a  strong 
sill  about  100  feet  thick.  To  the  S.W.  and  S.  of  the  hill  the  main 
outcrop  of  the  sill  is  seen  running  along  the  lower  slopes  of  Beinn  an 
Dubh-lochain,  overlooking  Huisgill.  Towards  the  N.W.  it  dies  out 
rapidly,  but  in  the  opposite  direction  it  can  be  traced  for  a  con- 
siderable distance.  The  best  section  is  ofiered  by  the  Dtm  hill. 
Here  the  upper  part  is  composed  of  porphyritic  dolerite,  in  appear- 
ance like  that  of  Roineval  and  Druim  na  Criche.  From  the  summit 
to  about  half-way  down  the  large  felspar  crystals  are  as  abundant 
as  in  the  former  occurrences;  but  lower  down,  without  any 
dividing  line,  they  become  sparser,  and  increasingly  so  do^Tiward. 
At  the  actual  base  they  are  almost  or  quite  wanting.  The  lower 
part  of  the  sill,  in  which  the  felspars  occur  at  the  most  sparingly, 
resembles  in  the  field  the  mugearite  of  the  other  localities.  It  is 
generally  in  a  fresher  condition,  but  shows  the  characteristic  fissile 
structure. 

That  part  of  the  main  outcrop  which  is  nearest  to  the  outlier 
seems  to  have  a  like  constitution,  but  it  is  not  well  exposed. 
Following  the  sill  south-eastward  and  southward,  we  find  the 
porphyritic  felspars  still  richly  abundant  in  the  upper  part  and 
rare  at  the  base,  until  we  reach  the  corrie  drained  by  the  bum 
which  comes  do^vn  eastward  from  Beinn  an  Dubh-lochain.  Here 
the  sill  is  for  some  space  lost  undei*  the  peat.  When  it  emerges 
beyond  this  place  (Bnile  na  h-Airidh),  it  contains  only  scattered 
felspars,  and  these  become  still  rarer  southward.  The  dark  matrix 
also  assumes  a  very  fine-textured,  compact  character,  with  a 
splintery  fracture.  We  have  not  been  able  to  trace  the  sill  far 
beyond  this  place. 

We  see  that  not  only  do  these  double  sills  recall  in  a  general 
way  some  of  the  characteristic   features   of  the   composite   triple 

*  The  situation  is  thus  particularised  because  on  the  Ordnance  maps, 
down  to  the  date  of  writing,  the  hill  and  Dun  are  inconectly  placed.  Tliey 
are  400  yards  N.N.E.  of  the  position  marked  on  the  maps. 
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sills  of  the  Heast  and  Broadford  tracts  but  they  also  show,  when 
the  several  occurrences  are  compared,  a  somewhat  similar  range  of 
variety  as  regards  the  intimacy  of  association  of  the  two  rock- 
types  involved.  On  Druim  na  Criche  there  is  a  sharp  junction 
between  the  two  rocks,  and  no  sensible  modification  of  either 
towards  their  contact.  In  the  upper  double  sill  of  Roineval  the 
sharp  line  of  demarcation  is  softened  to  some  extent,  and  pheno- 
crysts  from  the  upper  and  earlier  rock  have  penetrated  the  lower 
one  for  a  few  inches.  In  the  lower  double  sill  at  the  same 
locality  the  phenocrysts  have  sunk,  though  only  in  small  numbers, 
through  the  whole  thickness  of  the  lower  and  younger  member. 
They  have  not,  however,  been  carried  far  in  a  lateral  direction. 
At  the  Dim  hill,  although  it  cannot  be  doubted  that  the  sill 
represents  two  successive  intrusions,  intermingling  has  obliterated 
the  boundary  between  them,  and  the  porphyritic  felspars  pass 
down,  in  diminishing  numbers,  practically  to  the  base  of  the  whole 
sill.  Separating  in  imagination  the  two  members  which  thus 
merge  into  one  another,  we  may  explain  the  scarcity  of  the 
phenocrysts  throughout  the  thickness  of  the  sill  south  of  Buile  na 
h-Airidh  by  supposing  that  the  upper  member  dies  out  at  or  near 
this  place.  In  the  last  exposure,  some  65  or  70  feet  thick,  on  the 
north  side  of  the  concealed  ground  the  large  felspars  are  abundant 
throughout  the  greater  part  of  the  section.  On  the  other  side  they 
have  become  scarce  throughout  the  whole  thickness,  and  what 
appears  to  be  the  same  sill  on  the  opposite  side  of  Huisgill, 
i  mile  to  the  east,  contains  no  phenocrysts.  The  scattered 
crystals  seen  in  the  prolongation  of  the  lower  member  beyond 
the  limits  of  the  upper  may  have  been  carried  forward  with  it 
from  the  place  farther  north  where  they  were  received ;  but  it  is 
also  possible  that  they  are  **  antecedent"  xenocrysts  taken  in  prior 
to  the  intrusion. 

We  have  tacitly  assumed  that  the  sill  at  the  DCin  hill  belongs 
to  the  same  group  of  intrusions  as  the  double  sills  of  Boineval 
and  Druim  na  Criche,  its  upper  and  lower  portions  representing 
respectively  the  two  distinct  members  in  those  other  localities. 
We  do  not,  however,  imply  petrographical  identity,  but  merely,  or 
primarily,  equivalence  from  the  genetic  point  of  view.  The  rocks 
present,  as  we  shall  see,  a  considerable  range  of  variety. 

We  proceed  to  describe  the  petrographical  characters  of  the  two 
rock-types  which  constitute  the  double  sills  of  the  Roineval 
group.  They  have  been  judged  worthy  of  chemical  examination, 
and  Dr  Pollard  has  accordingly  made  the  two  full  analyses 
quoted  below.  Both  have  a  silica-percentage  of  about  50.  Com- 
pared with  the  basic  sills  of  the  great  group,  or  with  other  basic 
rocks  of  our  area,  both  show  a  decided  poverty  in  magnesia  and 
lime  and  a  relative  richness  in  the  two  alkalies.  In  these  respects 
the  mugearite  represents  a  greater  departure  than  the  porphyritic 
dolerite  from  the  common  standard. 

The  two  rock-types  have  mineralogical  characters  which  would 
serve  to  link  them  together  even  apart  from  their  intimate  associa- 
B 
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tion  in  the  field.  Olivine  occurs  in  some  quantity  in  both  the 
specimens  analysed ;  in  the  first  with  labradorite  and  augite ;  in 
the  second,  in  more  unusual  association,  with  felspars  rich  in 
alkalies  and  only  subordinate  augite.  Both  rock-types,  moreover, 
present  varieties  (not  analysed)  in  which  the  place  of  olivine  is 
taken  partly  or  wholly  by  another  and  unkno\^Ti  mineral.^ 

This  problematical  mineral  seems  to  be  the  same  in  the  two 
rocks.  It  is  first  detected  in  the  thin  slices,  and  has  the  general 
appearance  of  a  brown  mica.  It  usually  builds  idiomorphic 
crystals  with  rectangular  sections,  but  sometimes  also  irregular 
plates  into  which  the  little  felspar  crystals  project.  It  also  occurs 
in  a  few  places  in  confused  aggregates,  which  rather  suggest  that 
it  may  have  originated  in  part  from  the  alteration  of  olivine  or 
some  other  mineral ;  but  these  possible  pseudomorphs  are  in  no 
case  so  evident  as  to  permit  of  a  decisive  conclusion  on  this  point. 
The  little  flakes,  in  which  the  mineral  most  commonly  occurs,  are 
about  y^  inch  long.  There  ia  a  strong  cleavage  parallel  to  that 
pair  01  faces  which  is  most  developed,  and  occasionally  some 
indication  of  a  second  weak  cleavage  making  an  oblique  angle 
with  the  first.  The  absorption-colours  are  light  brown,  with 
strong  pleochroism.  The  interference  tints  are  not  so  high  as  in 
the  mica  group,  and  the  extinction-angles,  measured  from  the 
strong  cleavage-traces,  are  much  higher.  About  22°  is  a  common 
angle,  but  the  measurements  range  up  to  about  32*".  The 
mineral  is  therefore  monoclinic  or  triclinic ;  and  the  fact  that  a 
number  of  flakes  in  which  the  cleavage  is  particularly  well  marked 

f;ive  straight  extinction  rather  suggests  monoclinic  symmetry, 
n  all  cases  tested  that  axis  of  vibration  nearer  to  the  cleavage- 
traces  was  found  to  correspond  with  the  lower  index  of  refraction 
and  the  stronger  absorption. 

The  characters  here  recorded  do  not  agree  with  those  of  any 
common  rock-forming  mineral.  There  are  points  of  resemblance 
to  iddingsite,  but  that  mineral,  according  to  Lawson,  has  rhombic 
symmetry.*  Our  mineral  also  recalls  in  some  respects  some  of 
the  ill-characterised  alteration-products  of  olivine  observed  in  Skye 
and  elsewhere,  such  as  the  "  ferrite  "  of  Heddle.t  But,  as  we  have 
stated,  the  brown  micaceous-looking  mineral  in  the  rocks  now  in 
question  is  only  doubtfully  and  exceptionally,  if  ever,  a  secondary 
product,  presenting  in  general  all  the  appearance  of  a  primary 
constituent. 

The  porphyritic  oliviiie-^lerite  is  a  remarkably  handsome  rock 
full  of  large  crystals  of  labradorite,  ^  inch  to  1  inch  in  length, 
set  in  a  dark,  finely  ciystalline  ground-mass.  Specimens  from  the 
several  occurrences  are  identical  in  general  appearance,  and  show 
very  close  resemblance  when  studied,  but  there  are  certain  differ- 
ences to  be  noted.  The  Roineval  rocks  are  perhaps  slightly  less 
basic  than  those  of  Diniim  na  Criche,  while  the  corresponding 
rock   from   the   Talisker  neighbourhood  is  decidedly  more  basic. 

*BxaL  Dept.  Oeol.  Univ.  Calif.,  vol.  i.,  p.  33  ;  1893. 
f  Mi7i,  Mag.,  vol.  v.,  p.  29 ;  1882. 
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I. 

II. 

A. 

III. 

SiO,     . 

60-33 

49-24 

49-25 

46-423 

TiO,     .      . . 

1-81 

1-84 

1-41 

not  det. 

A1,0,   . 

19-97 

16-84 

16-97 

14-010 

CrjOj   . 

trace 

trace 

* . 

•   • 

Fe,0,   . 

2-81 

609 

15-21 

5-027 

FeO     . 

6-23 

7-18 

not  det. 

9-022 

NiO,  CoO     . 

trace 

trace 

•  « 

•  • 

MnO    . 

017 

0-29 

trace 

not  det. 

MgO    . 

3-24 

302 

oa.  3-00 

3-820 

CaO 

803 

6-26 

717 

8-104 

BaO 

0-06 

009 

•   ■ 

•   • 

SrO      . 

trace 

trace 

•   • 

•  • 

Na,0 

4-30 

6-21 

4-91 

3-820 

K,0     , 

M9 

210 

201 

2-000 

H.»(^ 

)  106°          0-99 
6°  C.           0-87 

1-611 
1-08  ' 

ca.  0-30 

7-222 

P20«       . 

0-17 

1-47 

0-7C 

not  det. 

F 

not  sought 

018 

•      • 

•   • 

S 

not  found 

003 

•      • 

•   • 

100-17 

100-46*  ca.  100-99 

99-448 

Specific 

gravity,        2-81 

2-79 

«      • 

•      • 

I.  [92501     Porphyritic  Olivine-Dolerite,  upper  member  of  a  composite 

double  sill  or  laccolite,  Druim  na  Cliche,   5    miles  S.S. W.  of 
.   Portree:    anal.  W.  Pollard.     Both  this  and  the  following  rook 
contain    chromium,   vanadium,    and    strontium,    as    determined 
spectroscopically  by  Sir  J.  Norman  Lockyer. 

II.  [8732].     Mugearite,  lower  member  of  the  same  composite  intrusion, 

viz.,  the  middle  one  of  the  five  mentioned  in  the  text :  anal.  W. 
Pollai-d.  The  fluorine  may  be  somewhat  overestimated.  *The 
total  is  100*53,  less  0*07  (for  oxygen-equivalent  of  fluorine). 

A.  Essexite,  Dignas,  near  Gran,  Norway:    anal.  A    Damm  and  L. 
Schmelck,  cit.  Brogger,  Qtuirt,  Jaum,  Geol,  Soc^  vol.  1.,  p.  19;  1894. 

III.  '^Dolerite,"  sill    near    summit  of  approach  to  Quiraing:  anal. 
M.  F.  Heddle,  ifw.  Mag.y  vol.  v ,  p.  8 ;  1882. 

This  last  has  a  specific  gravity  2*87  to  2*88,  while  the  rocks  from 
the  former  localities,  which  we  take  as  the  regular  type,  give  only 
2*78  to  2*82  in  the  difierent  intrusions.  Dr  Pollard's  analysis 
(I.)  shows  that  the  type  is  somewhat  less  basic  than  the  ordinary 
dolerite  sills  of  the  region.  The  composition  is  not  markedly 
peculiar,  but  we  may  note  a  certain  tendency  towards  those  special 
characters  which  become  more  accentuated  in  the  associated 
mugearite,  in  particular  the  low  magnesia  and  high  alkalies.  A 
rough  calculation  of  the  mineralogical  constitution  gives  about  77 
per  cent,  of  labradorite,  11  of  augite,  and  12  of  olivine,  magnetite, 
and  apatite. 

The  most  conspicuous  feature  of  the  rock  is  the  abundance  of 
large  and  usually  well-shaped  felspar-phenocrysts.    It  is  remarkable 
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that,  in  each  occurrence,  these  seem  to  be  of  two  distinct  kinds ; 
one  perfectly  clear  and  colourless,  the  other,  though  still  quite  fresh, 
having  a  yellow  tinge.  The  latter  are  commonly  larger  than  the 
former.  We  have  not  been  able  to  verify  any  other  difference,  or 
to  discern  any  significance  in  the  occurrence  of  the  two  kinds. 
Carlsbad  and  albite  twinning  are  evident  to  the  eye,  and  thin  slices 
show  pericline-lamellation  capriciously  distributed  in  some  of  the 
crystals.  The  inclusions  are  scattered  glass-cavities,  with  occasion- 
ally a  scrap  of  augite,  a  crystal-grain  of  magnetite,  or  a  little  patch 
of  the  ground-mass.  In  places  too  the  small  elements  of  the 
ground-mass  project  slightly  into  the  border  of  the  phenocryst, 
showing  that  this  has  continued  or  resumed  its  growth  to  a  certain 
extent  at  a  late  stage  of  the  consolidation.  This  feature  is  most 
strongly  marked  in  the  Talisker  sill,  and  it  is  evident  in  polarised 
light  that  the  border  is  of  slightly  different  composition  from  the 
rest  of  the  crystal.  The  extinction-angles  of  the  porphyritic 
felspars  point  to  a  medium  labradorite  of  composition  near 
Abj  An^  or  Abg  An^. 

The  ground -mass  consists  of  felspar,  augite,  olivine  or  its  pseudo- 
morphs,  magnetite,  and  rather  abundant  needles  of  apatite,  besides 
a  variable  amount  of  the  brown  micaceous-looking  mineral  described 
above.  This  occurs  in  different  specimens  apparently  in  inverse 
proportion  to  the  olivine,  as  if  the  two  minerals  played  the  same 
rdle  in  the  rock.  The  small  felspars,  averaging  about  y^  inch  in 
length,  are  not  very  well  shaped,  having  crystallised  at  a  late  stage. 
Most  of  the  crystals  show  carlsbad  and  albite  twinning,  with 
extinction-angles  up  to  32°  in  symmetrical  sections;  and 
they  are  therefore  labradorite,  probably  of  a  rather  more  acid 
variety  than  the  phenocrysts.  The  augite,  of  a  very  pale  tint  in 
the  slices,  is  usually  idioraorphic  towards  the  felspar,  and  some- 
times towards  the  iron-ore.  Olivine  is  only  exceptionally  found  in 
a  fresh  state,  but  is  plentifully  represented  by  green  or  greenish 
brown  serpentinous  pseudomorphs.  Magnetite  in  more  or  less 
perfect  octahedra  is  sometimes  quite  abundant,  and  apatite  is 
constantly  present  in  slender  rods,  often  enclosed  in  the  felspars. 

The  above  description  of  the  typical  rocks  will  serve  also  with 
little  modification  for  the  denser  variety  at  the  Diln  hill,  near 
Talisker.  This  shows  a  rather  larger  proportion  of  olivine  and 
magnetite,  especially  the  former.  On  the  other  hand,  the  augite 
(here  in  little  intei'stitial  patches  [9807]  or  in  ophitic  plates  [9809]) 
is  not  very  plentiful,  and  the  little  felspars,  instead  of  being  of  a 
more  basic  variety,  seem  from  their  extinction-angles  to  be  more 
acid.  These  points  indicate  a  certain  assimilation  in  composition 
to  the  associated  mugearite»  and  are  probably  to  be  attributed 
to  some  degree  of  admixture  by  diffusion  between  the  two 
magmas. 

The  mugearite  of  Druim  na  Criche,  in  its  freshest  state,  is  a  dark, 
finely  crj'^stalline  rock,  without  phenocrysts,  and  might  pass  in 
hand-specimens  for  an  ordinary  basalt.  Its  mode  of  weathering  is, 
however,  sufficient  to  distinguish  it  in  the  field  from  all  other  sill- 
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rocks  in  our  area ;  and  the  exposed  outcrops,  with  their  dull 
yellowish  brown  tint  and  highly  fissile  character,  look  much  more 
like  the  trachyte  dykes  of  Drynoch,  to  be  described  in  a  later 
chapter.  The  specimen  analysed  has  the  specific  gravity  2*79, 
while  others  gave  277  and  2*75.  These  lower  figures  are  doubtless 
connected  with  partial  weathering,  and  a  specimen  selected  for  its 
fresh  appearance  gave  2-82.  The  chemical  analysis  (II.  above) 
shows  a  composition  quite  removed  from  those  of  most  other  rocks 
in  our  area,  and  not  reducible  to  any  of  the  more  widely  distributed 
rock-types.  The  special  features,  as  compared  with  average  rocks 
of  like  silica-percentage,  are  the  low  magnesia  and  lime  and  the 
high  alkalies,  including  potash  as  well  as  soda.  Chemically  the 
rock  falls  most  nearly  into  the  essexite  family,  though  its  petro- 
graphical  characters  do  not  assimilate  it  closely  to  any  example 
hitherto  described.  We  cite  for  comparison  (in  column  A)  the 
analysis  of  an  essexite  (the  more  acid  variety)  from  the  Gran  district 
in  Norway.  This  was  first  given  by  Brogger  under  the  name 
"  olivine-gabbro-diabase,"  and  has  since  been  included  by  the  same 
writer*  among  the  olivine-monzonites,  with  which  it  has  evident 
affinities.  The  rather  high  amount  of  phosphoric  acid  in  the 
mugearite  is  also  a  characteristic  of  the  Norwegian  and  some  other 
essexites.  The  only  important  point  distinguishing  our  rock 
from  the  true  essexites  is  its  lower  proportion  of  lime.  This  has 
given  rise  to  a  peculiar  mineralogical  constitution,  and  seems 
therefore  to  justify  us  in  regarding  the  mugearite  as  a  distinct  type. 
The  chief  mineralogical  pecularities  of  mugearite,  which  result 
from  its  unusual  chemical  composition  and  go  to  characteride 
it  as  a  special  rock-type,  are  two.  Firstly,  the  felspar  is  not  labra- 
dorite  but  oligoclase,  with  subordinate  orthoclase ;  and,  secondly, 
the  ordinary  bisilicate  minerals  are  very  poorly  represented,  augite 
being  typically  quite  subordinate  to  olivine  (or  its  equivalent  the 
browTi  mineral  already  described)  and  iron-ore.  Among  minor 
points  of  interest  may  be  noted  the  unusual  richness  in  apatite. 
The  percentage  mineral  composition  of  the  rock  analysed  must  be 
approximately  as  follows: — 

Oligoclase,     ....  57^ 

Orthoclase,  12^ 

Olivine,  iron-ore,  and  augite,  26^ 

Apatite,         ....  3| 

100 


Felspars  of  species  rich  in  alkalies  thus  make  up  about  70  per 
cent,  of  the  rock.  They  appear  in  thin  slices  as  a  crowd  of  little 
elongated  sections,  averaging  about  '005  inch  in  length,  with 
parallel  or  subparallel  arrangement  at  any  given  point,  the  micro- 
structure  being  consequently  of  the  trachytic  type.    Most  of  the 

*  Eruptivgesteine  des  KristianiagebUteaj  part  II.,  p.  50  ;  1895. 
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little  crystals  show  albite-twinning,  often  with  repetition.  They 
give  nearly  straight  extinction,  and  must  belong  to  oligoclase.  The 
untwinned  crystals  are  doubtless  to  be  identified  as  orthoclase,  for 
the  amount  of  potash  in  the  rock  is  much  too  great  to  be  contained 
in  a  felspar  of  the  oligoclase  type.  On  this  understanding  the  com- 
position of  the  oligoclase  may  be  reckoned  as  nearly  Ab^  Anj, 
which  agrees  with  the  approximately  straight  extinction  observed. 

Of  the  other  constituents,  the  olivine  forms  little  well-shaped 
crystals  or  rounded  grains,  usually  about  -j-^  inch  in  diameter 
The  mineral  is  commonly  fresh.  TTie  augite,  sensibly  colourless  in 
thin' slices,  has  the  ophitic  habit ;  but  it  is  present  in  such  small 
quantity  that  the  several  minute  pieces  belonging  to  one  ophitic 
plate  are  only  perceived  to  have  that  relation  by  their  polarisation. 
The  magnetite  is  in  minute  octahedra,  and  there  is  often  in 
addition  a  certain  amount  of  limonite  of  secondary  origin.  The 
apatite  is  in  very  slender  needles.  The  analysis  of  the  rock  proves 
that  it  is  a  fluor-apatite,  contrasting  with  the  chlor-apatite  of  our 
acid  rocks,  and  making  an  exception  to  the  general  rule.  The 
mugearite  sometimes  contains  a  few  microscopic  amygdules  of 
spherical  shape,  occupied  by  analcime  [9252],  It  will  be  observed 
that  the  textural  and  structural  characters  of  the  rock  remove  it 
from  the  essexite  type  as  represented  by  the  known  (plutonic) 
examples. 

Regarding  the  rock  selected  for  analysis  as  the  type  of  mugearite, 
we  may  note  as  the  only  important  variety  at  Druim  na  Criche  that 
in  which  the  place  of  olivine  is  taken  by  the  unknown  brown 
mineral  [9251].  The  mugearite  of  Roineval  has  the  same  general 
characters  as  the  type  rock,  but  seems  to  be  more  highly  felspathic. 
A  specimen  from  the  higher  of  the  two  intrusions  is  entirely  free 
from  augite,  and  is  judged  (though  doubtfully)  to  have  a  larger 
proportion  of  potash-felspar  than  the  rock  taken  as  type.  Olivine 
is  absent  in  this  slice  [8190],  the  brown  mineral  occurring  instead, 
and  with  forms  that  forbid  us  to  regard  it  as  pseudomorphic.  This 
specimen  gives  a  specific  gravity  only  2*62,  and,  even  allowing  for 
weathering,  it  must  be  very  decidedly  less  dense  than  the  type  of 
Druim  na  Criche.  It  may  be  mentioned  that  on  the  south  side 
of  the  summit-escarpment  it  contains  fusiform  amygdules  of 
chalcedony,  2  or  3  inches  long.  A  specimen  of  the  lower  sheet  con- 
tains very  little  augite.  Here  again  olivine  is  wanting,  but  there 
are  instead,  and  probably  replacing  it,  abundant  elongated  crystals 
or  pseudomorphs  of  a  deep-brown  mineral,  apparently  of  the 
iddingsite  kind.  This  substance,  or  one  very  like  it,  is  also  found 
occasionally  in  the  Druim  na  Criche  rocks.  It  is  clearly  quite 
distinct  from  the  brown  mineral  already  described  above,  which 
occurs  in  small  amount  in  the  same  slide.  The  colour  is  deeper,  the 
pleochroism  much  feebler,  and  the  extinction  sensibly  straight.  In 
other  specimens  unaltered  olivine  occurs  with  its  usual  characters. 

Turning  now  to  the  third  locality,  we  have  to  notice  in  Huisgill, 
near  Talisker,  a  more  basic  vmnety  of  imigearite,  Tliis  is  sufficiently 
evident  from  its  high  specific  gravity,  ranging  from  2*91  to  2*96  in 
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four  examples  selected,  but  we  shall  see  nevertheless *tliat  the  rocks 
bear  the  unmistakable  stamp  of  consanguinity  with  the  typical 
mugearite.  For  characteristic  examples  we  must  examine  the 
southerly  prolongation  of  the  sill  beyond  its  interruption  by  the 
peaty  flat  of  Buile  na  h-Airidh.  Here,  as  has  been  shown,  the 
overlying  porphyritic  dolerite  has  died  out,  and  its  modifying 
influence  on  the  lower  member  which  persists  is  scarcely  noticeable, 
except  by  the  occurrence  of  a  few  scattered  phenocrysts  (here  more 
properly  xenocrysts),  which  become  rarer  southward.  There  is 
indeed  no  longer  any  essential  difierence  between  the  upper  and 
lower  portions  of  the  sill  as  displayed  in  this  place  [9810,  9811]. 
The  rocks  are  fresher  than  in  the  other  localities,  and  also  of 
decidedly  finer  texture,  presenting  to  the  eye  a  very  compact 
appearance,  sometimes  lustrous  enough  to  suggest  the  presence  of  a 
glassy  base. 

Thin  slices  show  that  the  relatively  basic  nature  and  high  density 
of  the  rocks  are  connected  chiefly  with  the  abundance  of  magnetite, 
which  in  this  respect  is  of  next  importance  to  the  felspar.  It  is 
sometimes  present  as  innumerable  minute  granules,  in  addition  to 
the  usual  little  octahedra.  Olivine  is  abundant  in  fairly  well  shaped 
little  crystals  with  a  pronounced  elongation  parallel  to  the  a-axis. 
There  is  often  a  relatively  large  glass-cavity  in  the  centre,  and  in 
the  most  fine-textured  rocks  the  olivine  sometimes  builds  mere 
skeletons.  The  peculiar  brown  mineral  formerly  described  is  some- 
times present  [9811].  Augite  occurs  in  very  small  interstitial 
granules,  but  not  usually  in  any  abundance.  The  little  felspars, 
which  make  the  principal  constituent,  are  closely  packed,  giving 
something  of  the  trachytic  structure.  They  have  in  general  quite 
low  extinction-angles,  and  often  the  sensibly  straight  extinction  of 
an  oligoclase.  We  have  not  been  able  to  decide  whether  orthoclase 
is  also  present.  In  some  cases  there  occurs  a  certain  amount 
of  interstitial  glass,  colourless  but  charged  with  magnetite  dust. 
In  a  later  chapter  (XIX.)  we  shall  have  to  notice  a  rock  of  much 
more  vitreous  nature,  which  probably  has  affinities  with  those  here 
described.  These  basic  mugearites,  like  the  typical  rocks  of  Druim 
na  Criche,  contain  a  few  microscopic  amygdules  of  analcime. 

A  chemical  analysis  of  this  variety  would  be  of  interest.  From 
what  has  been  said,  we  may  infer  that  it  has  the  same  low  magnesia 
and  lime,  with  high  alkalies,  as  the  typical  mugearite,  but  is 
poorer  in  silica  and  richer  in  iron. 

We  have  stated  that  farther  north,  where  the  equivalent  of  this 
rock  underlies  the  porphyritic  oUvine-dolerite,  there  has  been  an 
intermingling  of  the  two  magmas ;  but,  owing  to  the  want  of  suffi- 
cient exposures,  it  is  not  easy  to  study  the  phenomena  in  detail. 
Specimens  from  the  lower  part  of  the  Dhn  hill,  where  the  large 
porphyritic  crystals  occur  only  very  sparingly,  are  dark,  finely 
crystalline  rocks  of  specific  gravity  2*95  to  2*96.  A  thin  slice 
not  containing  any  large  phenoc^t  shows,  however,  a  certain 
micro-porphyritic  structure  [9808j.  There  are  abundant  little 
crystals  of  labradorite  about  '02  to  '05  inch  long,  but  the  chief 
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element  of  the  ground-mass  in  most  places  consists  of  smaller 
felspars  whicjh,  from  their  low  extinction-angles,  seem  to  be  near 
oligoclase  and  oligoclase-andesine.  An  appearance  of  coarser  and 
finer  texture  in  different  places  depends  on  the  preponderance  of 
one  or  other  of  the  two  kinds  of  felspar,  and  rather  suggests  an 
imperfect  mixture  of  two  different  magmas.  Where  the  small 
labradorite  crystals  are  only  thinly  distributed,  there  is  a  trachytic 
structure  and  a  general  resemblance  to  the  typical  mugearite. 
Augite  is  represented  only  by  minute  interstitial  granules,  but 
magnetite  is  abundant,  and  there  is  a  considerable  amount  of 
olivine. 

Comparing  the  several  intrusions  in  the  localities  which  we  have 
considered,  we  find  that,  where  there  is  noteworthy  variation,  the  two 
associated  rocks  seem  to  vary  together,  although  the  variation  has 
a  much  greater  range  in  the  mugearite  than  in  the  porphyritic 
olivine-dolerite.  The  specific  gravities  of  the  rocks,  as  shown 
below,  bear  out  this  remark : — 


Upper 

Lower 

Member. 

Member. 

2775 

2-62 

2-80 

2-82 

2-82 

— — 

2-79 

2-77 

2-81 

2-79 

2-88 

2-96 

Roineval,  higher  double  sill, 

Do.,      lower  double  sill, 
Druim  na  Criche,  highest  double  sill, 

Do.,  second  from  top, 

Do.,  third  from  top, 

Di!ln  Hill,  near  Talisker, 

If  we  are  to  regard  the  two  associated  rocks  as,  in  Brogger's 
phrase,  "  complementary "  products  of  differentiation,  this  joint 
variation  seems  to  imply  that  such  differentiation  was  a  process 
effected  separately  for  each  double  intrusion.  The  greater  range 
of  variation  in  the  mugearite,  as  compared  with  the  porphyritic 
olivine-dolerite,  connects  itself  with  the  fact  that  the  former  is 
usually  much  inferior  in  bulk  to  the  latter.  At  Druim  na  Criche, 
where  the  disparity  is  not  ver}^  marked,  the  mugearite  is  least 
variable;  while  on  Roineval,  where  the  mugearite  forms  only  thin 
sheets  beneath  the  massive  porphyritic  dolerite,  the  greatest  range 
of  variation  is  found. 

The  specific  gravities  given  above  suggest  another  point,  which 
may  be  of  significance,  but  would  require  further  testing.  The 
denser  rocks  seem  to  have  been  intruded  at  the  lower  levels.  The 
Roineval  sills  are  much  higher  up  in  the  basalt  group  than  those  of 
Druim  na  Criche,  and  the  occurrence  near  Talisker  is  probably, 
though  not  demonstrably,  lower. 

In  leaving  these  remarkable  double  sills  we  may  remark  that, 
although  composite  intrusions  of  this  kind  have  been  discovered 
only  in  the  three  localities  mentioned  above,  it  is  not  impossible 
that  separate  intrusions  of  one  or  other  of  the  two  rocks  may  be 
found,  whether  as  dykes  or  sills,  in  other  parts  of  Skye.  Certain 
dykes,  apparently  by  no  means  common,  will  be  mentioned  in  their 
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proper  place,  which  have  the  general  composition  of  mugearites, 
and  approximate  in  some  measure  to  the  type  described  above. 
The  porphyritic  olivine-dolerite,  being  a  less  strongly  characterised 
type,  is  naturally  less  easy  to  identify  elsewhere.* 

One  sill-rock  worthy  of  notice  in  this  place  is  that  analysed  by 
Heddle  from  the  Quiraing.  We  have  not  had  the  opportunity  of 
examining  any  specimen  of  this,  but  a  rough  calculation  shows 
that  the  dominant  felspar  must  be  a  basic  oligoclase,  while  ortho- 
clase  must  also  be  present.  The  chemical  composition  alone,  as 
quoted  in  Column  III.  above,  seems  suflScient  to  remove  this  rock 
from  the  "  great  group "  of  sills,  and  to  assimilate  it  in  some 
respects  to  the  rocks  of  the  Roineval  group  of  intrusions.  The 
occurrence  of  a  glassy  selvage  is  a  point  of  interest,  and  one  which 
we  have  in  no  case  met  with  among  the  sills  of  the  great  group. 

Certain  porphyritic  basalt  sills  in  the  Isle  of  Soay  deserve  special 
mention.  This  island  is  built  of  Torridonian  grit,  a  rock  which,  as 
we  have  remarked,  does  not  in  most  places  contain  intrusions  with 
regular  sill  habit.  Here,  however,  there  are  numerous  intrusions 
in  the  form  of  sheets  approximating  more  or  less  closely  to  the 
regularity  of  typical  sills,  and  it  appears  further  that  some  rocks 
which  elsewhere  take  the  form  of  dykes  occur  with  the  stratiform 
habit  in  the  Torridonian  of  Soay.  This  is  certainly  true  of 
the  younger  peridotite  group  to  be  described  later  (Chapter  XXI.), 
and  it  seems  to  be  so  also  of  some  of  the  minor  basic  intrusions. 
Without  asserting  that  the  great  group  of  sills  is  quite  unrepre- 
sented in  Soay,  we  are  thus  led  to  refer  some  at  least  of  the  sheet- 
like intrusions  there  observed  to  some  later  epoch.  This  is 
especially  the  case  with  the  conspicuously  porphyritic  rocks  now 
to  be  noticed.  It  is  worthy  of  remark  that,  in  addition  to  the  sills 
or  sheets,  dykes  of  similar  petrographical  type  are  found  in  the 
district. 

The  rocks  show  large  glassy-looking  felspars  closely  set  in  a 
dark  finely  crystalline  ground.  They  resemble  in  general  appear^ 
ance  the  olivine-dolerite  of  the  composite  sills  on  Roineval  and 
elsewhere ;  but  they  are  of  less  basic  composition  and  devoid  of 
olivine.  An  interesting  point  is  the  varying  size  and  frequency  of 
the  porphyritic  felspars  in  difierent  parts  of  a  sill.  In  the  interior 
they  attain  very  large  dimensions  ;  Mr  Clough  records  masses  of 
felspar  as  much  as  8  inches  long  and  4  in  width.  "These 
felspar  crystals,  however,  never  occur  near  the  chilled  margins. 
They  are  largest  and  most  abundant  in  the  centre  of  a  sill,  and 
gradually  diminish  in  size  and  abundance  as  the  chilled  margins 

*  Conspicuously  porphyritic  sills  with  the  same  general  characters  have 
since  been  found  in  Canna,  where  on  the  higher  ground  they  become  the 
prevalent  type.  Two  or  three  occur  also  in  Eigg.  Mugearite  has  also  been 
recognised  in  these  two  islands ;  while  in  the  western  part  of  Rum  it  occurs 
as  a  number  of  sheets  with  a  total  thickness  of  about  600  feet.  These 
observations  make  it  very  doubtful  whether  the  rocks  now  described  are  to 
be  sharply  separated  from  the  "great  group"  of  sills,  and  referred  to  a 
different  epoch. 
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are  approached.  They  are  usually  quite  small  at  about  9  or  10 
inches  from  the  margins,  and  not  visible  at  5  or  6  inches.  I  have 
noticed  this  phenomenon  so  often,  that  I  am  driven  to  conclude 
that  the  crystals  in  these  cases  have  been  developed  in  the  sill,  and 
are  not  importations  ready  made."  (C.T.C.)  That  the  phenocrysts 
in  intrusive  rocks,  as  distinguished  from  lavas,  have  in  many  cases 
not  been  brought  up  in  the  magma,  as  supposed  by  Rosenbusch, 
but  formed  in  siiu  after  the  intrusion,  is  a  thesis  which  has  been 
maintained  by  several  petrologists,*  and  Mr  Clough's  observations 
seem  to  be  conclusive  on  this  point  as  regards  the  sills  in  question. 
It  is  to  be  observed  that,  not  only  the  size  of  the  phenocrysts,  but 
their  relative  abundance  decreases  from  the  centre  to  the  margin  of 
the  sill,  so  that  the  interior  is  more  felspathic,  and  doubtless  some- 
what less  basic  in  composition,  than  the  marginal  portions.  This 
comes  out  clearly  from  some  of  Mr  Clough's  determinations  of 
specific  gravity : — 

•  (i.)  Sill  i  mile  S.E.  of  Doire  Chaol : 

Interior  (felspars  up  to  1  inch  and  more),  .  2*72 

Margin  (non-porphyritic),         .  2-75 
(ii.)  Sheet  at  Leac  nan  Faoileann  : 

Interior  (felspars  up  to  1  inch  and  more), .  2*76 

Margin  (non-porphyritic),  2*79 

The  porphyritic  felspars  are  labradorite  with  albite  and  carlsbad 
twinning.  The  ground-mass,  in  the  only  specimen  sliced,  is  an 
ordinary  basalt  or  fine-textured  dolerite  without  olivine.  This 
example,  from  the  interior  of  a  sill  on  the  east  coast  of  Soay,  has  a 
specific  gravity  278. 

*Zirkel,  Lehrbuch  der  Petrographies  2nd  ed.,  vol.  i.,  p.  737;  1893: 
Whitmftn  Cross,  lUh  Ann.  Rep.  U.S.  Geol.  Siir.^  p.  231 ;  1895  :  Pirsson, 
Amer.  Janrn.  Sci.  (4),  vol.  vii.,  pp.  271-280 ;  1899.  See  also  Crosby,  Amer. 
Geol,  vol.  XXV.,  p.  299  ;  1900. 
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CHAPTEK  XVI. 
Minor  Acid  Intrusions. 

Under  the  head  of  the  mitwr  acid  intrustans  we  include  for  the 
purpose  of  petrographical  description  in  common  various  dykes, 
sills,  and  sheets,  of  small  or  quite  moderate  dimensions ;  of  which 
some  are  offshoots,  or  presumed  offshoots,  of  the  granite  of  the 
Red  Hills,  while  others  belong  to  the  second  principal  epoch  of 
acid  intrusions  in  Skye,  when  no  large  bodies  of  rock  were 
formed.  The  former  are  in  part  visibly  apophyses  of  abyssal 
rock-masses,  while  the  latter  are  of  typical  hypabyssal  habit ;  and 
the  fact  that  the  two  are  often  indistinguishable  in  specimens  has 
an  evident  bearing  upon  the  question,  what  factors  go  to  determ- 
ine the  micro-structure  of  igneous  rocks.  It  is  clear  that  no 
important  difference  of  pressure  can  be  postulated  for  the  con- 
solidation of  the  granite  of  Strath  na  Creitheach  on  the  one  hand 
and  the  spherulitic  dykes  of  Druim  an  Eidhne,  which  are  its 
apophyses,  on  the  other  hand.*  Differences  there  would  doubtless 
be  in  temperature  and  rate  of  cooling,  and  also  more  flowing 
movement  within  the  narrow  fissures  than  in  the  main  body  of 
magma.  To  discuss  this  general  question,  however,  would  be 
outside  our  present  province. 

Similarity  of  petrographical  characters  is  a  sufficient  reason  for 
describing  the  two  groups  of  minor  acid  intrusions  together ;  but 
there  is  a  farther  reason  in  the  practical  difficulty  in  some  cases 
of  separating  the  later  from  the  earlier  group.  The  only 
important  group  of  rocks  which  can  be  assigned  with  certainty 
to  the  interval  between  the  two  chief  epochs  of  acid  intrusions  is 
the  great  group  of  basic  sills ;  and  it  follows  that  where  these  are 
not  present  there  is  no  absolute  criterion  for  discriminating  the 
minor  acid  intrusions  of  the  later  epoch  from  those  of  the  earlier 
which  are  not  visibly  ofishoots  from  the  granite.  The  failure  of 
the  basic  sills,  with  this  consequent  ambiguity,  affects  us 
principally  in  the  mountain  district.  Beyond  the  mountains  and 
a  narrow  sub-montane  belt  there  is  no  difficulty,  as  a  rule,  in 
applying  the  simple  criterion,  and  it  is  found  that  the  minor  acid 
intrusions  there  belong  in  general  to  the  second  group,  which  has 
a  much  wider  distribution  than  the  first.  It  is  to  be  observed, 
however,  that  the  break  between  the  earlier  and  later  groups  is 
not  an  absolute  one.  A  few  acid  rocks  were  intruded  during 
the  interval  between  the  two  principal  epochs,  and  these  entered 

*  It  may  be  remembered  also  that  the  marginal  part  of  the  large  body 
has  in  places  the  same  character  as  the  dykes. 
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into  relations  with  basic  intrusions  to  form  the  peculiar  composite 
sills  and  dykes  already  described  at  length.  The  acid  intrusions 
of  the  second  group  also  sometimes  form  part  of  composite  dykes, 
but  without  the  peculiar  relations  referred  to  between  the  basic 
and  acid  members,  so  that  they  are  to  be  included  with  the  rest 
in  this  place.  A  few  acid  dykes  again,  mostly  pitchstones  and 
devitrified  pitchstones,  are  to  be  referred  to  a  time  probably  long 
posterior  to  the  second  principal  epoch  here  recognised,  and  these 
will  be  described  in  a  later  chapter. 

We  have  already  considered  the  field-relations  of  those  minor 
intrusions,  chiefly  dykes,  which  are  in  visible  continuity  with  the 
granite  and  granophyre  masses  of  the  Red  Hills.  It  is  highly 
probable  that  we  ought  to  include  with  these,  as  belonging  to 
same  epoch,  many  of  the  acid  dykes  within  and  just  outside  the 
Red  Hills  district  which  have  no  such  direct  connection  with 
the  plutonic  masses,  unless  it  be  a  subterranean  connection. 
This  may  be  true  of  some  dykes  which  intersect  the  plutonic 
rocks  themselves,  for,  as  we  have  seen,  the  granite  consists  of  a 
number  of  distinct  intrusions.  There  are,  for  instance,  spherulitic 
dykes  cutting  the  granite  in  a  few  localities  which  are  identical 
in  characters  with  the  Druim  an  Eidhne  apophyses. 

Probably  some  of  the  acid  dykes  in  the  same  district,  and 
certainly  most  of  those  outside  it,  are  to  be  referred  to  the  second 
chief  epoch  of  acid  intrusions  which  we  have  specified ;  and  to  these 
dykes  we  may  add  the  sheets  and  irregular  sills  which  are  of 
less  frequent  occurrence.  The  area  of  distribution  of  these  rocks 
is  a  fairly  large  one,  but  quite  sharply  defined;  extending  in 
every  direction  round  the  Red  Hills,  but  to  varying  distances  of 
one  to  eight  miles  from  them.  This  extension  is  greatest  towards 
N.W.  and  S.E.,  a  circumstance  observable  in  other  groups  of 
minor  intrusions  in  Skye,  and  doubtless  related  in  some  way  to  the 
dominant  direction  of  the  dykes  in  the  region,  with  which  it 
agrees  very  closely.  As  is  shown  in  the  sketch-map  (Fig.  58), 
the  area  in  question  embraces  all  the  acid  igneous  rocks  of 
Tertiary  age  in  Skye.  The  earlier  groups  of  acid  rocks  (and  also 
the  pitchstones,  etc.,  which  came  later)  were  limited  to  smaller 
areas  lying  within  this  large  irregular  oval.  The  intrusions  per- 
taining to  this  group  represent  then  the  maximum  extension  of 
igneous  activity  in  Skye  as  regards  acid  rocks.  Next  to  the 
granites,  they  constitute  by  far  the  most  important  group  of  acid 
rocks  in  our  region  ;  and  when  we  speak  of  the  group  of  minor 
acid  intrusions  or  the  epoch  of  the  minor  acid  intrusions,  without 
qualification,  it  is  this  group  or  this  epoch  that  will  be  intended. 

The  larger  of  the  minor  acid  intrusions  are  usually  of  irregular 
shape,  and  have  partly  transgressive  relations  towards  the  stratified 
or  other  rocks  among  which  they  have  been  intruded.  They 
partake  more  or  less  of  the  nature  of  sheets,  but  rarely,  if  ever, 
behave  as  perfect  sills  for  any  great  distance.  In  this  they 
contrast  strongly  with  the  minor  basic  intrusions.  A  good 
example  is  the  mass  of  granophyre,  intruded  mainly  in  the  Lias, 
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to  the  east  of  the  Broadford  Biver.  This  has  in  great  part  the 
form  of  a  sheet,  but  it  passes  obliquely  from  one  horizon  in  the 
Lias  to  another,  and  in  places  is  more  sharply  transgressive. 
Where  it  enters  the  Cambrian  Limestones,  it  at  once  assumes  a 


Fio.  58. — Sketch-map  illustrating  the  diBtribution  of  certain  groups  of  acid 
intrusions  in  relation  to  the  granite  of  the  Red  Hills.  Scale,  ^  inch  to 
a  mile. 

(a.)  The  line  (of  small  circles  connected  by  dashes)  in  the  gabbro  area 
indicates  the  western  limit  of  sranite  and  granophyre  veins,  in  so  far  at 
least  as  they  are  locally  abundant  and  noticeable,  in  the  gabbro  of  the 
Cuillins.  It  may  probably  be  taken  as  showing,  with  rougn  approxima- 
tion, the  conc^ed  extension  of  the  granite  beneath  the  gabbro 
laccolite. 

(6.)  The  roughly  semicircular  belt,  enclosed  by  a  line  of  dots  and 
dashes,  marks  the  distribution  of  the  peculiar  composite  (basic  and  acid) 
intrusions  of  the  symmetrical  kind,  which  we  have  distinguished  as  the 
Cnoc  Ckmach  type. 

(c.)  The  heavy  broken  line  indicates  the  area  of  distribution  of  the 
minor  acid  intrusions  in  general.  It  is  an  irregular  oval,  about  24  miles 
long,  centring  in  the  granite  of  the  Red  Hills,  and  having  its  long  axis 
in  a  direction  nearly  agreeing  with  that  of  the  dykes. 

(d.)  The  short  heavy  line  at  A  marks  the  position  of  the  peculiar 
felsite  of  the  Alaisdair  Stone-shoot. 

frankly  transgressive  attitude,  with  vertical  junctions,  and  runs 
out  in  the  form  of  narrow  tongues  or  curving  dykes,  recalling  the 
behaviour  of  the  granite  of  Beinn  an  Dubhaich  in  the  same 
country  rock.    This  occurrence  is  probably  to  be  referred  to  the 
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epoch  of  the  minor  intmaions  rather  than  to  that  of  the  granite, 
but  there  is  no  decisive  evidence  on  this  point. 

Further  north  we  have  a  pfi^up  of  granophyre  intruaiona  in  the 
Lias  of  the  broad  hill  named  Beinn  Bhuidhe,  N.W.  of  Broodford 
Bay.  These,  where  best  exhibited  along  the  coaet,  have  clearly 
the  form  of  eills,  although  they  show  some  irregularity  of  habit. 
They  are  referable  to  the  principal  epoch  of  minor  acid  intrusions, 
and  in  one  place,  near  eome  ruined  huts,  they  enter  into  rather 
peculiar  relations  with  certain  basic  ailJs  of  earlier  intrusion. 

Mullach  na  C&m,  the  highest  hill  on  the  isle  of  Scalpay,  ia 
nearly  encircled  by  the  outcrop  of  a  rather  large  sheet  of  grano- 
phyre. This  shows  a  higher  degree  of  regularity  than  might  be 
expected,  considering  that  the  country  rock  is  coarse-textured 
Torridonian  sandstone.     It  is  probable,  however,  that  this  sheet 


FiOB.  59  mul  60.— Sections  ncto».-i  ciicus  north  ot  Riidha  Chinu  Mh6ir,  in  tlie 
N.W.  of  Scftlpny. 

T,  Tt)n'idoninn  sandstonu  ;   (',  Triatiiiic  conBloinorate  ;  G,  granophjrc 
sill ;  G',  grnnophyro  dyke  ;  S,  basalt  sill ;  B,  Tl,  Imsfilt  dykea. 

belongs  to  the  epoch  of  the  granite,  and  has  been  connected  with 
the  large  body  of  that  rock  which  crosses  over  into  Scalpay,  and 
approaches  within  J  mile  of  the  aheet.  A  like  supposition  cannot 
be  applied  to  a  smaller  sheet  or  sill  of  granophyre  in  the  north- 
western part  of  the  same  island.  It  is  exposed  over  a  nearly 
circular  area,  120  to  150  yards  in  diameter,  forming  the  floor  of 
a  curious  circus  on  the  northern  slope  of  the  hill  Rudha  China 
Mh<)ir.  It  is  surrounded  by  a  wall  of  Tviassic  conglomerate, 
and  was  evidently  intruded  along  the  junction  of  that  formation 
with  the  underlj'ing  Torridonian,  as  shown  in  Figs.  59  and  60. 
The  sill  cannot  extend  far  beyond  the  limits  of  the  circus,  and 
on  the  coast  only  100  yards  to  the  N.E.  a  basalt  sill  is  seen 
occupying  a  like  position   at    the  horizon  of   the    unconformity. 
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The  granophyre  sill  seems  to  have  been  fed  by  a  dyke  (G'  in  Fig. 
60),  but  the  exposures  are  not  sufficient  to  put  this  beyond 
question. 

Several  intrusions  of  granophyre,  mostly  of  the  nature  of  short 
stout  dykes  but  with  rather  irregular  habit,  occur  on  the  N.W. 
side  of  Loch  Sligachan,  besides  a  sheet  exposed  by  the  road-side  on 
the  opposite  side  of  the  loch.  These  are  intruded  in  the  basaltic 
lavas.  The  composite  sill  and  dyke  of  Allt  an  t-Sithean  in  the 
same  neighbourhood  have  already  been  described,  as  well  as  the 
similar  composite  intrusions  in  the  Lias  near  and  to  the  south  of 
Broadford.  The  felsite  intrusions  on  the  slope  of  Sg&rr  Thuilm 
have  also  been  noticed  (Chapter  V.)  as  possibly  connected  with 
the  rhyolitic  lavas.  A  remarkable  intrusion  in  the  gabbro  at 
the  head  of  Coire  Labain  and  in  the  '*  Alaisdair  Stone-shoot"  will 
be  more  particularly  noticed  in  the  petrographical  part  of  this 
chapter. 

The  ordinary  dykes  referable  to  the  principal  period  of  minor  acid 
intrusions  neeid  not  be  enumerated  individually.  Though  always 
greatly  inferior  in  number  to  the  basic  dykes,  they  occur  with  some 
frequency  in  the  country  to  the  north  of  the  Cuillins,  the  most  west- 
erly being  three  on  Braigh  Coille  na  Droighniche,  overlooking  Loch 
Harport,  and  two  in  the  Vikisgill  valley.  In  numerous  instances 
the  acid  dykes  are  in  contact  with,  and  then  usually  flanked  by, 
basic  dykes.  Examples  of  this  may  be  seen  in  Allt  Airidh  Meall 
Beathaig,  a  tributary  of  the  Varragill  River ;  in  Allt  Daraich,  near 
Sligachan ;  and  especially  a  group  occurring  in  the  belt  of  ground 
running  from  Coire  na  Creiche  to  near  Drynoch.  Several  acid  or 
sub-acid  dykes  occur  in  the  Strathaird  peninsula,  and  some  of 
these  also  are  members  of  composite  dykes.  Dykes,  and 
occasionally  sheets,  of  felsite  and  granophjrre  are  found  at 
numerous  places  on  and  near  the  borders  of  the  granitic  tract 

Concerning  the  tract  of  stratified  rocks  farther  south-east,  Mr 
Clough  writes  as  follows : — "  No  granophyre  or  felsite  intrusions 
of  Tertiary  age  have  been  seen  N.E.  of  a  line  connecting  Skulamus 
and  Loch  na  Dal,  nor  S.W.  of  Sgiath-bheinn  an  Uird.  They  are 
most  numerous  near  Ben  Suardal,  Skulamus,  and  Heast.  Near 
these  localities  their  mode  of  occurrence  is  varied.  The  larger 
intrusions  may  perhaps  be  regarded  as  laccolites,  but  none  continue 
far  on  one  stratigraphical  horizon.  The  acid  intrusions  certainly 
keep  to  the  bedding  less  usually  than  the  basic  sills.  Only  four  or 
five  intrusions  belonging  to  this  class  have  been  seen  on  the  S.E. 
side  of  Loch  Eishort.  These  are  all  in  the  form  of  dykes  which 
strike  N.W.  or  N.N.W.,  about  parallel  to  the  basaltic  dykes  near 
them.  The  broadest  of  the  granophyre  dykes  on  this  side  of  the 
loch  is  seen  on  the  shore  about  a  mile  E  N.E.  of  Rudha  Dubh  Ard, 
where  it  forms  part  of  a  composite  dyke.  It  is  ten  or  twelve  yaixis 
wide,  and  has  been  traced  about  three  quarters  of  a  mile  S.S.E. 
Another  thinner  dyke,  again  part  of  a  composite  dyke,  occurs  on 
the  Rudha  Dubh  Ard  itself.  On  the  E.  side  of  Monadh  Morsaig 
there  is  a  granophyre  dyke  varying  in  width  between  four  and  ten 
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feet.  On  the  W.  side  of  MuUach  an  Achaidh  Mhdir,  near  Drum- 
feam,  there  is  a  dyke  about  one  foot  thick.  The  dyke  that  occnrs 
farthest  S.E.  is  in  Allt  Duisdale,  about  three  quarters  of  a  mile 
W.N.W.  of  the  bridge." 

It  is  in  accordance  with  the  general  behaviour  of  basic  and  acid 
magmas  in  our  region,  to  which  we  have  repeatedly  alluded,  that 
the  acid  dykes  and  sheets  show  less  perfect  regularity  in  their  field- 
relations  than  the  corresponding  bodies  of  basic  composition.  The 
dykes  show  a  certain  degree  of  order  in  their  direction,  the 
prevalent  bearing  being  about  N.W.  or  N.N.W.,  as  in  the  basic 
dykes  of  the  region,  but  with  more  frequent  departures  from 
the  general  rule.  It  is  noteworthy  that,  though  belonging  to  a 
local  group,  connected  with  the  special  focus  of  central  Skye,  the 
dykes  are  governed  as  regards  direction  by  the  same  rules  as  the 
dykes  of  regional  distribution.  In  those  of  the  basic  dykes 
which  are  most  intimately  connected  with  the  local  focus  of 
activity  we  shall  find  a  different  law  prevailing  (Chapter  XXI.). 
The  intrusive  sheets  of  acid  rocks,  even  where  they  preserve  the 
sill  habit  with  considerable  persistence,  sometimes  show  irregul- 
arities on  a  small  scale  at  their  surfaces  of  contact,  and  may 
send  off  little  tongues  along  the  bedding  of  the  contiguous  strata. 
A  good  example  is  seen  in  a  low  cliff  a  little  west  of  Rudh'  an 
Eireannaich,  near  Broadford.*  In  the  basic  sills  any  such  irregul- 
arity is  of  rare  occurrence ;  and  equally  so  in  an  acid  sill  which 
has  been  guided  by  an  earlier  basic  one,  even  where,  as  we  have 
sometimes  observed,  it  has  totally  destroyed  its  guide.  Many  of 
the  ordinary  minor  acid  intrusions  give  evidence  of  relatively 
rapid  cooling  at  their  edges,  either  by  a  finer  texture  or  by 
spherulites  of  diminishing  size,  as  in  the  sill  near  Broadford 
mentioned  above. 

We  proceed  to  consider  the  peirograpliical  characters  of  the  rocks. 
With  a  few  exceptions,  to  be  noted  below,  they  are  of  thoroughly 
acid  composition.  Although  no  chemical  analyses  have  been  made, 
the  microscopic  examination  leads  us  to  believe  that  these  minor 
intrusions  are  as  a  whole  somewhat  more  acid  than  the  large 
masses  of  the  Red  Hills  :  they  seem  at  least  to  be  poorer  in  the 
ferro-magnesian  minerals.  The  low  specific  gravity  of  most  of  the 
rocks  points  to  the  same  conclusion :  ten  examples  gave  a  mean  of 
2*54,  as  compared  with  2*59  for  the  granites,  etc.  Those  dykes 
which  are  visibly  off-shoots  from  tlie  granite  intrusions  show  the 
same  difference,  at  least  when  they  are  spherulitic  or  otherwise 
fine-textured.  We  shall  confine  our  attention  in  the  first  place 
to  the  truly  acid  members  of  the  group,  reserving  certain  aberrant 
types  for  subsequent  consideration. 

The  constituent  minerals  of  the  rocks  may  be  dismissed  briefly. 
They  are  quartz,  orthoclase,  and  oligoclase,  with  in  most  cases 
some  ferro-magnesian  mineral  and  one  of  the  irouHDre  group,  but 

*This  was  noticed  by  Sir  A.  Geikie,  Quart.  Journ.  Geol.  Soc,  vol.  xiv., 
pi.  I.,  fig.  8;  1858. 
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these  latter  always  in  quite  subordinate  amount.  The  ferro- 
magnesian  mineral  is,  in  different  cases,  augite,  hornblende,  or 
biotite,  the  first-named  being  the  most  usual.  In  some  instances 
the  hornblende  is  secondary  after  augite,  but  primary  hornblende 
is  also  found.  The  augite  shows  in  thin  slices  the  very  pale  green 
tint  which  is  customary  for  this  mineral  in  acid  rocks,  but  it  is 
often  replaced  by  chloritic  alteration-products  of  a  deeper  green 
colour.  The  hornblende  is  brown  or,  when  of  secondary  origin, 
green.  Many  of  the  rocks  show  no  ferro-magnesian  mineral  except 
little  chloritic  and  limonitic  patches,  and  even  these  may  occur 
only  sparingly.  The  iron-ore  minerals  met  with  in  different 
examples  are  magnetite  and  pyrites.  The  former  is  the  more 
common,  but  the  latter  is  found  in  a  considerable  number  of  cases, 
with  all  the  appearance  of  a  primary  mineral.  It  seems  to  be 
specially  characteristic  of  the  spherulitic  types,  and  it  is  possibly 
connected,  as  Professor  Judd  has  suggested,  with  some  kind  of 
solfataric  action.*  The  pyrites  forms  little  cubes,  usually  fresh  but 
sometimes  partially  converted  to  heomatite. 

The  rocks  present  much  more  variation  in  microstructure  than  in 
mineralogical  constitution.  The  more  typical  varieties  met  with 
range  themselves  for  the  most  part  in  two  parallel  lines,  the  micro- 
granitic  (quartz-porphyries,  etc.)  and  the  micrographic  (granophyres 
of  many  kinds),  though  these  are  connected  by  numerous  inter- 
mediate links.  On  the  whole,  the  tendency  to  micrographic 
intergrowths,  which  we  observed  in  the  acid  rocks  of  the  large 
plutonic  masses,  is  at  least  as  strongly  marked  in  these  minor 
intrusions  of  like  composition,  and  often  attains  in  the  latter  a 
more  typical  development. 

The  rocks  which  fall  under  the  former  of  the  two  divisions  thus 
recognised  do  not  require  any  lengthy  description,  and  it  will  be 
sufficient  to  select  a  few  illustrative  examples.  The  evident 
porphyritic  crystals  are  felspars,  up  to  J  or  sometimes  \  inch  in 
length,  and  quartz,  usually  of  rather  smaller  dimensions.  The 
dominant  felspar  is  orthoclase,  and  shows  the  customary  crystal 
habit :  the  quartz  is  in  bipyramidal  crystals,  and  contains  glass- 
inclusions.  Ferro-magnesian  minerals  are  never  abundant,  and 
there  is  at  most  a  small  amount  of  magnetite,  or  in  some  cases 
pyrite.  The  ground-mass,  of  various  scales  of  texture  but  generally 
quite  fine,  usually  resolves  into  a  granular  aggregate  of  felspar  and 
quartz.  In  the  finer-textured  varieties  the  felspar,  especially  if  it 
predominates  very  decidedly,  may  assume  idiomorphic  habit, 
forming  narrow  crystals.  In  some  of  the  rocks  there  has  doubt- 
less been  a  glassy  base,  which  is  now  devitrified  or  in  great  part 
decomposed. 

A  variety  with  relatively  large  and  conspicuous  dihexahedra  of 
quartz  is  of  somewhat  exceptional  occurrence.     Examples  occur 

'^In  the  Druim  an  Eidhne  rocks,  to  be  more  particularly  described 
below,  iron  sulphide  occurs  not  only  in  visible  crystals,  but  also  in  a  finely 
disseminated  form,  as  Dr  Cullis  has  proved  by  blowpipe  tests  {Qwirt,  Joum. 
Geol.  Soc.,  vol.  xlix.,  p.  190 ;  1893). 
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in  the  form  of  small  dykes  near  the  northern  base  of  Glamaig, 
above  the  village  of  Sconser.  In  most  of  the  rocks  the  more 
evident  phenocrysts  are  of  felspar.  The  ferro-magnesian  element, 
never  very  abundant,  may  be  either  a  pale  augite  or  a  brown 
mica.  The  ground-mass  has  in  general  a  microgranitic  structure, 
and  varies  in  size  of  grain,  a  fine  texture  being  the  most  usual. 

A  well-characterised  quai*tz-felsite  foims  two  or  three  irregular 
sheet-formed  intrusions  on  the  northern  face  of  Creag  StroUamus, 
in  the  Broadford  district.  It  contains  very  abundant  pinkish 
crystals  of  orthoclase,  about  ^  inch  across,  and  smaller  crystals  of 
quartz,  in  a  compact  light  grey  ground.  Two  specimens  of  identical 
appearance  showed  some  difierences  in  thin  slices.  In  one  from  500 
yards  N.  by  E.  of  the  summit  of  the  hill  [9572]  the  ground-mass, 
though  fine-textured,  is  easilj'-  resolved.  Besides  the  phenocrysts, 
it  encloses  little  patches  of  micropegmatite,  abruptly  bounded  and 
perhaps  of  the  nature  of  xenoliths.  In  the  second  specimen  [8969], 
taken  about  70  yards  farther  N.W.,  the  gi'ound-mass  is  similar  to 
the  other,  though  a  little  finer.  Some  one  or  more  ferro-magnesian 
minerals  have  been  fairly  represented,  but  are  now  totally  destroyed: 
the  shapes  suggest  both  augite  and  biotite.  There  are  a  few  little 
cubes  of  pyi'ites.  The  specific  gravity  of  this  rock  is  2*57.  A  rock 
with  pink  crystals  of  felspar,  very  like  the  preceding  and  of  specific 
gravity  2*53,  is  seen  on  the  eastern  slope  of  Belig,  about  500  yards 
N.  W.  by  N.  of  Loch  na  Sguabaidh.  Similar  rocks  are  found  else- 
where, not  only  in  occurrences  which  we  assign  to  the  group  of 
minor  acid  intrusions  proper,  but  also,  on  Glamaig  and  in  other 
places,  where  they  are  probably  to  be  regarded  as  special  modifi- 
cations of  the  granitic  intrusions  of  the  Red  Hills. 

Rocks  with  characters  which  suggest  the  former  presence  of  a 
large  amount  of  glass  in  the  ground-mass  are  found  in  the  form  of 
small  intrusive  sheets  and  dykes  on  Glamaig  and  in  various  parts 
of  the  Red  Hills.  They  usually  intersect  the  granite  or  granophyre, 
but  this  is  the  only  datum  for  their  age,  and  they  are  included  in 
this  place  only  for  convenience.  Here  we  may  note  an  interesting 
rock,  a  specimen  of  which  was  kindly  furnished  by  Professor  Judd, 
who  drew  our  attention  to  its  occurrence  in  the  screes  on  the 
western  slope  of  Marsco.  It  has  not  been  found  in  place.  It  has 
a  dark  ground-mass  of  dull  aspect  and  bluish  tint,  in  which  are  set 
abundant  reddish-yellow  crystals  of  orthoclase,  about  ^  inch  long 
and  sometimes  aggregated  in  groups,  with  smaller  pyramidal 
crystals  of  quartz.  A  thin  slice  [9285]  shows  that  the  dark  colour 
of  the  ground-mass  is  due  to  a  crowd  of  minute  rods,  not  more  than 
•001  inch  long,  probably  of  augite.  They  show  only  a  very  faint 
colour  under  the  microscope,  and,  being  contained  within  the 
thickness  of  the  slice,  do  not  lend  themselves  to  polariscopic 
examination.  They  show  little  parallel  arrangement  except  where 
they  lie  tangentially  to  the  porphyritic  crystals.  The  base  in  which 
these  rods  are  set  is  colourless  and  of  low  refractive  index,  and  in 
natural  light  might  be  taken  for  a  glass,  but  it  is  doubtful  whether 
any   truly   vitreous    matter  remains.      The   bulk   of  it   at   least 
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depolarises,  having  nearly  the  birefringence  of  an  alkali-felspar. 
The  specific  gravity  of  the  rock  is  2*63,  and  it  may  not  improbably 
be  a  devitrified  pitchstone. 

Comparable  in  some  respects  with  the  preceding  is  a  dyke  which 
intersects  the  gabbro  just  W.  of  the  Sligachan  River,  near  the  out- 
fall of  Allt  Coii*e  Riabhach.  It  is  2  feet  wide,  and  has  margins 
about  3  inches  wide  showing  strong  flow-structure.  The  central 
portion,  of  specific  gravity  2*63,  shows  scattered  crystals  of  white 
orthoclase  up  to  -j^  inch  long  in  a  dull  compact  ground-mass  of 
dark  bluish-grey  colour.  The  slice  [8976]  reveals  also  scattered 
crystals  of  some  ferro-magnesian  mineral,  now  destroyed.  The 
ground-mass  is  crowded  with  little  dark  rods  having  at  each  spot 
a  parallel  arrangement,  often  with  a  second  set  grown  at  right 
angles  to  the  first.  The  colourless  matrix  in  which  these  minute 
rods  are  embedded  has  probably  been  vitreous,  but  is  too  obscure 
to  permit  of  a  definite  pronouncement.  The  marginal  modification 
of  the  dyke,  specific  gravity  2*60,  with  marked  fluxion-structure,  is 
paler,  with  narrow  bands  of  lighter  and  darker  tints,  and  encloses 
scattered  felspars  as  before.  Under  the  microscope  [8977]  it  has 
in  natural  light  all  the  appearance  of  a  glassy  rock,  clouded  with 
minute  limonite  specks  and  having  little  patches  and  streaks  of  the 
same.  Between  crossed  nicols,  however,  the  ground  breaks  up  into 
an  irregular  mosaic  of  little  birefringent  areas,  the  whole  being 
very  similar  to  what  is  seen  in  the  devitrified  pitchstones  to  be 
described  in  a  late?  chapter. 

Rocks  showing  a  sinuous  flow-structure,  and  presenting  a 
"  microfelsitic "  texture  which  may  probably  be  attributed  to 
devitrification,  are  met  with  in  numerous  localities,  either  making 
up  the  whole  width  of  a  small  dyke  or  forming  the  marginal  part  of 
a  dyke  or  of  a  larger  and  less  regular  intrusive  body.  Examples 
may  be  seen  on  Ben  Meabost,  in  the  Strathaird  district ;  near  the 
coast  J  mile  S.  of  Camasunary ;  at  one  or  two  places  in  Scalpay ; 
and  near  An-t-Sithean,  Broadford. 

Some  rocks  containing  only  isolated  and  scattered  spherulitic 
growths  form  a  connecting  link  between  the  two  main  divisions 
which  we  have  distinguished.  They  are  found  at  numerous 
localities  in  the  belt  of  country  bordering  the  Red  Hills,  and  ocicur 
not  only  in  Skye  but  occasionally  also  in  the  smaller  islands  to  the 
north-east.  Here  belongs  a  quartz-porphyry  dyke  to  the  north  of 
Mullach  na  C^m  in  Scalpay.  It  is  a  nearly  white  rock  with  ortho- 
clase phenocrysts  up  to  -j^  inch  and  smaller  crystals  of  quartz. 
There  has  been  a  little  augite,  now  destroyed.  The  fine-textured 
ground-mass  is  in  general  of  micro-granitic  structure,  but  each 
quartz  crystal  (not  felspar)  is  surrounded  by  a  spherulitic  border 
[9376].  Here  too  we  may  probably  place  a  felsitic  dyke,  part  of  a 
double  dyke,  intersecting  the  gabbro  of  Guillamon  on  the  east  coast 
of  that  islet.  Quartz-crystals  -^  inch  in  diameter,  with  glass- 
inclujsions,  are  enclosed  in  a  ground-mass  which  is  much  obscured 
by  secondary  changes ;  but  numerous  isolated  spherulites  are  still 
recognisable  as  such,  although  their  original  structure  is  almost 
obliterated  [9378].    A  few  rocks  of  this  kind  show  what  we  may 
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term  rhyolitic  characters,  and  to  this  extent  resemble  the  sphemlitic 
dykes  of  Druim  an  Eidhne  to  be  described  below.  We  may  cite 
especially  a  2-fb  dyke,  parallel  to  a  larger  dyke,  exposed  about  400 
yards  N.N.W.  of  Scalpay  House.  It  is  a  dull  grey  rock  with  a 
well  marked  laminated  structure  parallel  to  the  bounding  walls, 
and  with  altered  spherulites  showing  as  lighter  spots  about  -^  inch 
in  diameter.  A  thin  slice  shows  it  to  consist  largely  of  bundles  of 
parallel  felspar  rods  and  interstitial  granules  of  quartz,  but  the 
latter  mineral  seems  to  be  in  part  secondary.  The  spherulites  are 
nearly  opaque,  and  no  longer  show  any  structure :  each  is  sur- 
rounded by  a  rusty  border. 

We  come  now  to  that  division  of  the  acid  rocks  in  which 
the  whole,  or  almost  the  whole,  of  the  ground-mass  is  affected  by 
special  structures,  which  are  usually  of  the  spliervlitio  kind.  In 
using  this  term  we  desire  to  make  no  distinction  between  spherul- 
ites which  exhibit  a  regular  black  cross  between  crossed  nicols  and 
those  which  Rosenbusch  has  distinguished  as  "  pseudospherulites." 
The  differences  between  these  appear  to  be  differences  of  degree 
rather  than  of  kind,  the  essential  characteristic  of  all  being  fine 
graphic  intergrowths  of  alkali-felspar  and  quartz.  From  this 
statement  we  except  certain  complex  spherulites  to  be  separately 
noticed,  and  even  these  may  probably  be  regarded  as  the  final  term 
of  the  series,  connected  with  the  others  by  unbroken  gradations. 

The  transition  from  a  visibly  micrographic  to  a  cryptographic 
intergrowth  is  well  illustrated  in  some  of  the  separate  minor 
intrusions,  but  even  better  in  the  marginal  modifications  of  coarser 
granophyres  which  occur  in  some  places  on  the  borders  of  the 
large  intrusive  bodies  of  the  Red  Hills.  The  chief  features  of  such 
transition  may  be  briefly  summarised.  The  more  regular  micro- 
graphic  structures  in  the  granophyres  in  general  always  tend  to 
arrange  themselves  about  centres,  either  with  or  without  a  small 
phenocryst  to  serve  as  nucleus,  and  this  tendency  is  more  marked 
in  proportion  to  the  fineness  of  the  intergi'owth.  With  incre-asing 
fineness  of  texture,  a  radiate  arrangement  about  the  centre  becomes 
more  apparent,  the  distinct  areas  in  a  thin  slice,  within  which  the 
felspar  and  quartz  severally  show  crystalline  continuity,  being 
disposed  increasingly  in  the  form  of  sectors  of  a  circle.  These 
sectors  become  narrower  and  more  numerous,  while  the  minute 
elements  which  compose  them  assume  a  more  linear  form  and  a 
more  regular  radiate  grouping.  A  point  is  reached  at  which  the 
several  elements  of  the  aggregate  cease  to  be  resolvable  in  a  thin 
slice,  and  the  structure  may  be  styled  cryptographic.  Beyond  this 
point,  a  spherulite,  examined  between  crossed  nicols,  merely  shows 
evidence  of  a  radiate  fibrous  structure,  the  dark  brushes  approxim- 
ating more  or  less  to  the  ideal  black  cross  with  arms  parallel  to 
the  principal  planes  of  the  nicols.  Such  a  spherulite  has  the 
appearance  of  being  built  entirely  of  radiating  fibres  of  felspar,  and 
there  can  be  little  doubt  that  quartz  really  plays  a  less  important 
part  here  than  in  the  coarser  micrographic  intergro\vths. 

In  spherulites  of  moderate  diameter,  say  \  inch,  there  is  often  a 
marked  difference  between  the  central  and  peripheral  portions  ;  the 
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former  being  finely  cryptographic,  with  well  marked  radiate 
structure,  while  the  latter  is  visibly  micrographic,  with  an 
increasingly  rude  type  of  intergrowth,  and  may  merge  insensibly 
into  a  merely  granular  aggregate  which  forms  the  interspaces 
between  the  spherulites  (Plate  XIX.,  Fig.  1,  B).  The  transition 
which  we  have  described  is  thus  illustrated  in  the  different  parts  of 
a  single  spherulite.  The  peripheral  portion  of  the  spherulite 
appears  also  to  be  decidedly  richer  in  quartz  than  the  interior. 

These  facts  perhaps  throw  some  light  on  the  mode  of  origin  and 
growth  of  the  structure.  The  spherulite  began,  as  we  may 
conceive,  with  a  radiate  growth  of  felspar  fibres,  preferably 
attached  to  some  solid  body  as  a  nucleus.  The  surrounding  magma 
at  this  stage  had  a  composition  equivalent  to  that  of  a  mixture  of 
alkali-felspar  with  a  smaller  proportion  of  quartz.  As  the  felspar 
fibres  grew  by  extending  outward,  the  abstraction  of  this  con- 
stituent tended  to  make  the  magma  more  acid,  which  was  only 
partially  counteracted  by  the  liberation  of  free  silica.  This  was  set 
free  at  the  places  where  the  felspar  was  growing,  and  entered  into 
an  intimate  intergrowth  with  that  mineral.  It  seems  to  have  been, 
not  the  spherulite,  but  the  residual  magma,  that  tended  towards  a 
determinate  composition ;  and,  if  we  suppose  it  to  have  solidified 
en  bloc  when  this  was  reached,  the  said  composition  is  represented 
by  the  interspaces  between  the  spherulites,  which  have  commonly  a 
microgranitic  structure.  On  this  view,  the  substance  of  the  inter- 
spaces would  be  comparable,  under  certain  limitations,  with  a 
eutectic  mixture  (see  Plate  XXII.,  Fig.  1). 

There  are,  however,  some  spherulitic  structures  into  which  quartz 
does  not  enter  at  all,  and  in  these  the  radiating  felspar  elements 
become  distinct  and  take  form  individually.  This  is  seen  excep- 
tionally and  on  a  small  scale  in  certain  spherulitic  groupings  which 
have  been  embedded  in  glass ;  and  it  is  displayed  in  a  remarkable 
manner  in  cases  where  large  spherulites  have  been  developed  at 
places  where  vapour  waB  disengaged  from  the  magma,  and  a 
cavernous  structure  has  resulted.  To  illustrate  the  former  case  we 
take  an  interesting  micro-spherulitic  rock  which  is  found  as  a  small 
dyke,  8  inches  or  a  foot  across,  cutting  the  granite  on  the  ascent 
of  Druim  an  Eidhne  from  Strath  na  Creitheach,  a  little  to  the  left 
of  the  tourist-track.*  It  is  a  rather  dark  greenish  grey  rock,  of 
specific  gravity  2*56,  with  very  evident  flow-lines,  sometimes 
curving,  and  full  of  minute  darker  spots.  In  a  thin  slice  these  are 
found  to  be  spherulites,  from  -j^  to  y^  inch  in  diameter,  and  of 
two  kinds.  The  majority  are  of  a  common  type,  ovoid  in  shape 
with  well  marked  outline,  and  giving  the  characteristic  black  cross 
in  polarised  light.  In  certain  bands  there  occur,  instead  of  these, 
skeleton  spherulites  consisting  merely  of  a  stellate  arrangement  of 
little  felspar  rods,  not  mere  fibres.  These  rods  occupy  only  a  part 
of  the  space  within  the  spherulite,  the  rest  being  filled  by  substance 
like  that  in  the  interspaces  between  the  spherulites.   This  interstitial 

'"'This  dyke  was  not  detected  during  the  survey.    For  the  information 
and  for  a  specimen  of  the  rock  we  are  indebted  to  Mr  A.  K.  Coomira 
SwAmy. 
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ground,  quite  small  in  amount  in  comparison  with  the  crowded 
spherulites,  has  probably  been  glassy  or  partly  glassy^  but,  if  so, 
is  now  de vitrified.  It  recalls  in  some  respects  the  devitrified  pitch- 
stones  of  Coire-chatachan,  etc.,  to  be  described  later. 

The  common  type  of  spherulitic  granophyi*e,  in  which  the 
greater  part  of  the  mass  is  made  up  of  regular  cryptographic 
spherulites,  is  so  frequently  represented  among  our  minor  acid 
intrusions  that  there  is  no  need  to  enumerate  particular  occur- 
rences. As  good  and  well  preserved  examples,  easy  of  access,  we 
may  mention  the  rather  irregular  sills  in  the  Lias  which  are  exposed 
on  the  coast  west  of  Broadford  Bay.  One  is  found  in  a  little  cliflF 
west  of  the  composite  sill  of  Rudh'  an  Eireannaich,  and  another 
some  800  or  900  yards  farther  N.W.  Here  the  spherulites  are  very 
evident  in  hand-specimens.  In  thin  slices  it  is  seen  that  they  do 
not  graduate  into  the  granular  interspaces,  but  are  rather  sharply 
bounded,  and  preserve  the  fine  radiate  fibrous  appearance  to  the 
actual  boundary.  Between  crossed  nicols  they  show  well  defined 
dark  sectors  or  brushes,  which  correspond  approximately,  but  not 
always  exactly,  with  the  principal  planes  of  the  nicols.  In  addition 
to  small  scattered  felspar  phenocrysts,  there  are  others  of  quartz. 
These  are  either  well  formed  crystals  or  grains  with  rounded  out- 
lines, and  they  seem  to  have  the  latter  form  especially  when  they 
serve  as  the  nuclei  of  spherulites.  An  interesting  feature  is  the 
occurrence  of  micropegmatite  phenocrysts,  having  the  outlines  of 
felspar  crystals  but  full  of  quartz  in  micrographic  intergrowth. 
They  are  always  surrounded  by  a  spherulitic  growth  in  the  form 
of  radiating  bunches  of  fibres  starting  from  numerous  points  on  the 
boundary  of  the  phenocryst.  Scattered  through  the  rock,  in 
spherulites  and  interspaces  alike,  are  slender  rods,  usually  less 
than  J^^  inch  in  length,  of  some  ferro-magiiesian  silicate,  probably 
augite,  now  destroyed.  These  are  not  uncommon  in  other  rocks  of 
this  group,  and  they  sometimes  share  in  the  radiate  arrangement 
of  the  spherulites,  but  in  the  specimens  here  noticed  the  rods  have 
no  definite  orientation. 

We  have  failed  to  establish  any  criterion  of  a  petrographical  kind 
to  discriminate  between  those  spherulitic  dykes  and  sheets  which 
are  to  be  regarded  as  subterranean  offshoots  of  the  large  masses  of 
the  Red  Hills  and  those  referable  to  the  later  epoch  of  independent 
minor  intrusions.  Again,  there  are  some  occurrences  which 
perhaps  belong  to  a  different  epoch  (between  the  other  two),  viz. 
that  to  which  we  have  relegated  the  composite  intrusions  of  the 
Cnoc  Carnacli  group.  It  is  at  least  possible  that  some  poi*tion  of 
the  acid  magma  of  that  epoch  took  lines  of  its  own,  and  formed 
independent  intrusive  bodies  which,  in  the  absence  of  the  guiding 
basalt,  would  be  of  somewhat  irregular  habit.  Such  may  perhaps 
be  the  origin  of  the  group  of  intrusions  seen  on  the  north-west 
side  of  Loch  Sligachan,  just  east  of  the  composite  sill  of  Allt  an 
't-Sithean.  A  specimen  from  here  shows  turbid  felspars  about  -^ 
inch  in  diameter,  with  rounded  angles,  and  corroded  quartz-grains 
in  a  spherulitic  ground-mass.  There  is  a  close  resemblance  to  the 
granophyres  of  Allt  an  't-Sithean  and  of  the  neighbouring  com- 
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posite  dyke,  though  the  spherulites  here  have  a  more  evidently 
micrographic  structure  [3197]. 

We  have  next  to  notice  a  remarkable  group  of  dykes  which,  in 
their  petrographical  characters,  show  decided  rhyolitic  aflSnities. 
This  is  the  more  interesting,  since  these  dykes  belong  to  the 
plutonic  phase  of  intrusion,  and  are  visibly  apophyses  of  the  granite. 
We  may  conveniently  speak  of  them  as  the  Druim  an  Eidhne  type, 
the  most  characteristic  examples  being  met  with  on  the  ridge  of  that 
name.  Here,  as  already  stated  in  Chapter  IX.,  the  dykes  are  seen 
to  be  ofishoots  from  the  granite  mass  of  Strath  na  Creitheach,  etc., 
which  itself  at  some  places  along  its  margin  assumes  very  similar 
petrographical  characters ;  and  they  may  be  traced  for  some  distance 
through  the  adjacent  rocks,  viz.  the  volcanic  agglomerate  and  the 
banded  gabbros.  A  few  other  dykes  within  the  granitic  area,  in 
Strath  na  Creitheach  and  elsewhere,  resemble  the  typical  examples 
more  or  less  closely.  They  intersect  the  granite ;  but,  since  the 
granite  itself  undoubtedly  represents  .several  distinct  intrusions, 
this  fact  does  not  preclude  dur  attaching  these  dykes  provisionally 
to  the  Druim  an  Eidhne  group. 

The  field-relations  of  the  acid  dykes  of  Druim  an  Eidhne  have 
been  suflSciently  set  forth  in  the  former  chapter.  Our  petro- 
graphical examination  of  the  rocks  does  not  add  much  to  the 
account  already  given  by  Professor  Judd,*  although  our  reading  of 
the  phenomena  leads  to  very  difierent  conclusions  as  regards  the 
origin  of  the  rocks.  It  is  to  be  remarked,  however,  that  the  dykes 
are  not  all  of  one  type.  In  addition  to  the  rocks  to  be  described 
more  particularly,  there  are  others  which  are  simple  quartz-felsites, 
presenting  no  special  features  of  interest  and  not  calling  for  further 
notice.     These  have  t£e  same  mode  of  occurrence  as  the  others. 

The  rhyolitic  dykes  of  Druim  an  Eidhne  have  in  natural  exposures 
a  yellowish  brown  colour  due  to  atmospheric  action,  and  consider- 
able excavation  is  sometimes  needed  to  arrive  at  the  unaltered 
rock.  This  shows  a  bluish  grey  ground  of  very  compact  texture, 
enclosing  quartz-grains,  small  crystals  of  felspar,  and  pyrites.  The 
characteristic  features  of  the  rock  are,  however,  more  apparent 
upon  a  weathered  surfece:  they  are  especially  an  alDundant  develop- 
ment of  large  spherulites  and  a  strongly-marked  fluxion-banding — 
both  character,  as  Professor  Judd  remarks,  belonging  to  rhyolitic 
rather  than  granitic  rocks.  The  spherulites  weather  out  in 
strong  relief,  and  are  easily  detached  (Plate  XI.).  They  range  in 
diameter  up  to  about  2 J  inches  (6  centimetres t),  and,  even  to  the 

*QwirL  Joum.  Qeol  Soc.,  vol.  xlix.,  pp.  182-191,  pi.  II.,  III. ;  1893. 

+  The  60  centimetres  of  Prof.  Judd's  paper  is  a  clerical  error,  corrected 
in  the  author's  separate  copies.  The  only  spherulites  of  this  larger  size 
(2  feet)  recorded  in  Britain  occur  in  some  of  the  Lower  Palaeozoic  intrusions 
oi  the  Lleyn  district  of  Csemarvonshire ;  but  at  Silver  Cliff  in  Colorado 
Whitman  Cross  has  remarked  spherulites  as  much  as  10  feet  in  diameter. 
The  Welsh  rocks  mentioned  present  many  analogies  with  the  dykes  of  Druim 
an  Eidhne  :  see  Miss  Raisin,  Qwirt.  Joum.  Oeol.  Sac.,  vol.  xlv.,  pp.  247-269  ; 
1889  :  and  Harker,  The  BcUa  Fokanic  Series  of  Caernarvonshire,  Chap.  III. ; 
1889. 
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naked  eye,  often  give  evidence  of  a  complex  structure.  The  flow- 
structure,  which  is  most  developed  at  the  sides  oi  the  dykes,  is  also 
rendered  very  conspicuous  by  weathering,  certain  narrow  bands, 
usually  about  ten  or  twelve  in  the  width  of  an  inch, 
standing  out  prominently  above  the  intervening  bands  (Plate 
XII.).  In  some  places  the  fluxion  is  indicated  by  an  allign- 
ment  of  small  spherulites,  as  in  many  rhyolitic  lavas  and  in  the 
"  rodded  "  spherulitic  dykes  to  be  described  in  a  later  chapter. 
The  flow  has  been  naturally  parallel  to  the  walls  of  the  dykes;  but, 
with  increasing  distance  from  the  edge,  it  often  becomes  sinuous 
or  even  shai'ply  reflexed  at  acut«  angles.  This  is  partly  due  to  the 
interference  occasioned  by  large  spherulites  round  which  the  flow- 
lines  wind,  or  between  which  they  thread  their  way.  The 
phenomena  certainly  go  to  show  that  these  spherulites  were  already 
in  existence  while  flowing  movement  was  still  in  progress,  and 
cannot  be  attributed  to  devitrification  at  a  later  stage.  A  remark- 
able feature  in  some  cases  is  the  appearance  of  discantinuity  in  the 
flow.  We  may  explain  it  by  supposing  that  a  small  portion  of  the 
rock,  having  as  nucleus  a  group  of  spherulites  or  phenocrysts  but 
otherwise  in  a  pasty  condition,  behaved  in  some  degree  as  a  solid 
inclusion,  and  was  rolled  over  in  the  difierential  flowing  movement 
of  the  enveloping  mass.  This  peculiarity  is  seen  on  a  small  as  well 
as  on  a  larger  scale  (see  Fig.  61). 

The  microscopical  characters  of  the  rocks  have  been  carefully 
described  by  Professor  Judd  in  the  paper  already  cited.  Porphyr- 
itic  elements,  though  generally  distributed,  are  not  very  abundant. 
They  consist  mainly  of  small  crystals  of  quartz,  containing  relatively 
large  glass-inclusions  and  patches  of  the  ground-mass,  orthoclase 
and  oligoclase,  and  iron  ores,  both  pyrites  and  magnetite.  A  ferro- 
magnesian  mineral  has  also  been  sparingly  present,  and  seems  to 
have  been  a  green  augite ;  but  it  is  replaced  by  pseudomorphs  of 
some  cliloritic  substance  charged  with  ferric  oxide.  Occasionally 
there  is  a  pseudomorph  which  may  represent  biotite.  Very 
characteristic  of  this  group  of  rocks  is  the  occurrence  of  pheno- 
crysts of  micropegmatite  or,  to  use  Professor  Iddings'  term, 
**  granophyre  groups,"  a  feature  well  known  in  rhyolitic  lavas  in 
various  districts.*  Professor  Judd,  following  out  his  view,  already 
discussed,  that  these  rocks  are  not  dykes  but  fused  inclusions  of 
granite  in  the  gabbro,  regards  the  micropegmatite  phenocrysts  as 
undestroyed  relics  ;  but  we  find  nothing  to  indicate  that  they  are 
of  exceptional  origin.  That  they  may  have  been  formed  at  a 
distinctly  earlier  stage  than  the  ground-mass  and  under  somewhat 
different  conditions  may  be  granted ;  and  it  is  seen  that,  like  the 
ordinary  phenocrysts,  they  have  served  as  nuclei  for  subsequent 
spherulitic  growths  (Plate  XX.,  Fig.  2  ;  and  Fig.  61  in  text).  On 
Professor  Judd's  view  they  should  be  either  angular  fragments  or 

biddings,  7th  Ami.  Rep.  U.S.  Geol.  Snr.,  pn.  274-276,  pi.  XV.;  1888 
(Obsidian  Clitf,  Yellowstone  Park) :  Monoifr.  XX.  U.S.  Geol.  Sur.^  p.  375, 
pi.  v.,  tig.  2;  1893  (Eureka  district,  Nevada):  Reed,  Quart.  Joum.  Geol, 
Soc.^  vol.  li.,  p.  102,  pi.  VI.,  figs.  3-5  ;  1895  (Fishguard,  Pembrokesliire). 
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rounded  by  corrosion  or  fusion,  whereas  they  often  present  the 
outlines  proper  to  felspar  cryetals. 

The  spherulites,  which  are  the  most  interesting  feature  of  the 
rocks,  range  from  microscopic  dimensionB  to  the  large  size  already 
remarked,  and  they  exhibit  much  variety  of  structure.  The  small 
ones  are  of  a  simple  type,  showing  merely  a  radiate-fibrous 
arrangement  of  the  felspar  which  is  their  principal  element.  They 
rive  an  imperfect  "  black  cross "  effect  between  crossed  nicols. 
They  are  often  collected  in  groups,  though  without  coalescing  j 
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Via.  61  [8971].  Thin  slice  from  one  of  the  rhyolitic  djkBs,  apophyses  from 
the  gtnuite,  intersecting  the  gabbru  of  Dniim  an  Eidhne ;  magnified 
four  diameters. 

To  the  left  aro  seen  a  number  of  coaleeciug  spherulites.  The«e  have 
grown  in  one  plnce  round  a,  gi'oup  of  felBpar  ci^stals,  in  other  places 
round  micropegmiLtite  phenocrysts,  which  have  in  part  the  outlines  of 
felspar  crystals  but  are  crowded  with  inclUHions  of  quartz  in  micro- 
graphic  intergrowth. 

The  general  inaas  of  the  rock  boa  a  strongly  marked  flow-structure, 
and  in  the  right-hand  half  of  the  figure  the  fluxion-linea  are  seen  to 
diverge  in  a  fashion  which  indicates  discontinuous  flowing  movement  in 
the  mass. 

and  not  infrequently  they  are  enclosed  in  the  larger  spherulitic 
growths,  which  we  may  infer  to  be  of  somewhat  later  formation. 
The  larger  spherulites  are  of  complex  structure,  the  radiate 
arrangement  of  the  delicate  constituent  felspar-fibres  being 
modified  iu  various  ways.  In  some  cases  there  seems  to  be 
repeated  bifurcation  of  the  fibres  at  acute  angles,  giving  the  fox's 
brush  structure  figured  by  Professor  Judd  (/.c.  Plate  III.,  Figs.  8 
and  9).     In  other  cases  subsidiary  centres  of  radiation  have  been 
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established  at  certain  points,  which  have  become  the  apices  of 
conical  bundles  of  fibres  disposed  in  accordance  with  the  general 
radiation  from  the  primary  centre  (Plate  XXII.,  Fig.  3).  The 
fibres  of  the  large  spherulites  may  be  interrupted  by  enclosed 
phenocrysts  or  small  spherulites.  The  interstices  between  the 
felspar  fibres  are  now  occupied  by  quartz,  but  it  is  probable,  as 
Professor  Judd  suggests,  that  they  were  once  in  gi'eat  part  vacant, 
and  that  these  stinictures  were  then  identical  in  all  essentials  with 
the  much  better  preserved  examples  which  have  been  described  by 
Whitman  Cross  and  Iddings  from  Colorado  and  the  Yellowstone 
Park.  He  has  even  found  in  the  large  spherulites  of  Druim  an 
Eidhne  minute  crystals  which  appear  to  be  fayalite,  as  well  as  some 
indications  suggesting  the  former  presence  of  little  aggregates  of 
tridymite  scales.  The  close  resemblance  to  the  American  examples, 
extending  to  these  interesting  details,  is  further  enhanced  by  the 
occurrence  in  some  of  our  rocks  of  bodies  which  have  apparently 
been  lithophyses,  and  preserve  something  of  the  delicate  concentric 
shell  structure  described  by  Iddings  at  Obsidian  Clifi*  (Judd,  /.c, 
Plate  II.,  Fig.  5). 

If,  while  a  portion  of  one  of  the  large  plumose  spherulites  is 
being  viewed  between  crossed  nicols,  a  mica-plate  be  interposed 
with  its  axes  approximately  at  45^  to  the  fibres,  it  is  observed  that 
the  polarisation-tints  are  raised  in  some  parts  and  depressed  in 
others  in  the  same  bundle  of  fibres.  This  presumably  indicates 
that  the  axis  of  optical  elasticity  most  nearly  parallel  to  the  length 
of  the  fibres  is  the  mean  axis,  and  that  the  crystallographic  direc- 
tion of  elongation  of  these  felspar-fibres  is  the  vertical  or  c-axis. 
The  same  arrangement  has  been  noticed  by  Iddings*  in  the 
Obsidian  Cliff  rocks.  In  our  spherulitic  acid  rocks  in  general  the 
spherulites  are  of  the  ordinary  *' negative"  kind,  the  felspar  fibres 
being  elongated  parallel  to  the  a-axis,  with  which  the  greatest  axis 
of  optical  elasticity  makes  only  a  small  angle. 

That  the  marginal  portion  of  a  large  body  of  granite  and  the 
apophyses  from  it  may  in  certain  circumstances  assume  all  the 
mineralogiciil  and  structural  characters  of  rhyolites,  including  such 
special  peculiarities  as  large  composite  spheinilites  and  lithophyses, 
is,  as  we  have  remarked  above,  a  fact  of  more  than  local  interest. 
It  certainly  goes  to  show  that  the  petrographical  difierences 
between  plutcnic  and  volcanic  rocks  as  commonly  developed  are 
referable  much  more  to  differences  of  temperature  and  rate  of 
cooling  than  to  differences  of  pressure  at  the  e})och  of  consolidation. 
It  must  be  borne  in  mind  that  the  rocks  which  build  the  Eed  Hills 
represent  a  number  of  distinct  intrusions,  which  may  have  covered 
collectively  a  very  considerable  lapse  of  time,  and  we  are  led  to  refer 
the  acid  rocks  of  Druim  an  Eidhne  to  a  rather  late  epoch  of  this 
time,  when  the  neighbouring  gabbro  had  long  become  cool.  The 
relations  between  the  two  rocks  here  present  the  strongest  contrast 
to  what  we  have  described  on  Marsco,  where  w  e  believe  the  intru- 

*  Bxdl.  Phil,  Soc.  Wash'mjton,  vol.  xi.,  p.  457  ;   1891.     See  also  Cross, 
ibid.y  p.  427  (Silver  Cliff,  Colorado). 
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sions  of  gabbro  and  granite  to  have  been  separated  by  only  a  short 
interval. 

So  far,  the  rocks  treated  in  this  chapter  have  been  of  thoroughly 
acid  types.  We  have  now,  in  conclusion,  to  notice  certain 
examples  which  are  most  properly  included  in  this  place,  although 
they  are  of  sub-acid  cainposiiion,  being  highly  felspathic  and  com- 
parable rather  with  guartzless  porphyries  and  trachytes  than  with 
quartz-felsites  and  granophyres.  The  rocks  consist  indeed 
essentially  of  alkali-felspars,  with  at  most  a  small  amount  of 
interstitial  quartz  and  in  some  cases  a  ferro-magnesian  mineral. 
They  differ  petrographically  from  the  trachytic  dykes  of  the  Broad- 
ford  and  Sleat  districts,  to  be  described  in  a  later  chapter. 
Further  the  scanty  evidence  available  would  lead  us  to  refer  them 
to  a  very  early  epoch  of  the  phase  of  minor  intrusions,  while  the 
Broadford  and  Sleat  trachytes  belong  to  one  of  the  closing  episodes. 
For  these  reasons,  we  regard  the  rocks  in  question,  at  least 
provisionally,  as  aberrant  members  of  the  group  treated  in  the 
present  chapter,  representing  a  special  line  of  development  from 
the  main  stock  of  the  minor  acid  intrusions.  Their  areal  dis- 
tribution is  in  accord  with  this  view,  for  the  several  dyke-formed, 
and  sometimes  sill-formed,  intrusions  in  which  these  rocks  appear 
are  situated  in  general  on  the  fringe  of  the  area  which  we  have 
marked  out  (Fig.  58)  as  that  affected  by  the  minor  acid  intrusions. 
It  may  also  be  remarked  that,  like  these  acid  rocks  and  unlike  the 
later  trachytic  dykes,  the  rocks  now  to  be  described  often  occur  in 
close  association  with  basic  intrusions.  The  association  is  not 
usually  of  the  regular  and  systematic  kind  ;  but  this  also  is  found 
in  one  instance  in  a  rock  which  may  possibly  be  attached  to  to 
this  sub-group,  viz.  the  felsitic  or  bostonitic  rock  already  described 
as  forming  part  of  the  triple  composite  sill  of  Rudh'  an 
Eireannaich,  near  Broadford.  If,  however,  following  the  argument 
set  forth  in  a  former  chapter,  we  refer  the  peculiar  symmetrical 
composite  sills  and  dykes  to  a  distinct  group  of  somewhat  earlier 
date,  then  the  Budh'  an  Eireannaidi  felsite  bears  the  same  relation 
to  the  acid  members  of  that  group  as  the  rocks  now  in  question 
bear  to  the  principal  group  of  minor  acid  intrusions. 

The  first  occurrence  to  be  noticed,  in  the  heart  of  the  Cuillins,  is 
in  some  respects  unique.  The  rock  forms  two  or  more  irregular 
dyke-like  bodies  of  considerable  magnitude  intersecting  the  gabbro 
of  the  main  range  about  the  head  of  Goire  Labain.  Between  the 
highest  summit  of  the  Cuillins  and  its  nearest  neighbour  less  than 
100  yards  to  the  N.E.,  known  to  climbers  as  Sgdrr  Alaisdair  and 
Sgdrr  Tearlach  respectively,  is  a  deep  notch,  from  which  the  great 
tdus  called  the  Alaisdair  Stoneshoot  streams  down  some  1200  or 
1300  feet  to  the  floor  of  Coiro  Labain.  The  break  in  the  ridge 
is  caused  by  a  strip,  here  about  50  feet  wide,  of  a  more  perish- 
able rock  traversing  the  gabbro.  At  this  place  it  is,  in  its  freshest 
state,  a  dark  grey,  finely  crystalline  rock,  in  general  appearance 
not  unlike  many  of  the  dolerite  dykes  of  the  district,  but  containing 
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amygdnles  of  quartz  sometimes  ^  inch  or  even  1  inch  in  length. 
More  usually  it  has  a  pale  colour  consequent  upon  weathering,  and 
in  this  state  contributes  largely  to  the  talus  mentioned.  The 
strip  of  pale  rock  can  be  followed  south-eastward  along  the  ridge 
joining  Sgtirr  Tearlach  to  Sgilrr  Dubh-na-dabheinn  for  some  250 
yards,  dying  out  near  the  pass.  It  can  be  traced  for  about  the 
same  distance  in  the  opposite  direction,  turning  rather  more  west- 
ward and  ramifying  before  it  dies  out.  A  similar  strip  is  seen  just 
above  the  screes  farther  north,  and  runs  nearly  northward  along 
the  western  face  of  Sgilrr  Mhic  Choinnich  for  400  yards  to  the 
Coire  Labain  pass,  where  it  is  considerably  expanded.  This  too 
ramifies,  and  also  sends  small  veins  into  the  gabbro  and  encloses 
xonoliths  of  that  rock.  The  situation  of  the  intrusions  is  indicated 
in  a  generalised  way  at  A  on  the  sketch-map.  Fig.  58.  The 
amygdaloidal  variety  of  the  rock  has  been  met  with  only  near 
the  head  of  the  great  stone-shoot.  The  common  variety  elsewhere, 
always  with  the  pale  tint  due  to  weathering,  is  of  somewhat 
less  fine  texture,  and  the  little  green  crystals  of  altered  augite 
are  often  visible. 

A  thin  slice  [8717]  of  the  prevalent  type  shows  rectangular 
sections  of  felspar  about  ^  inch  long  as  the  principal  constituent. 
This  is  largely  orthoclase,  but  striated  oligoclase  is  also  present. 
Pale  greenish  pseudomorphs  of  hornblende  after  augite,  about  ^ 
inch  in  length,  are  fairly  abundant,  and  as  a  prominent  secondary 
constituent  there  is  pale  yellowish  pleochroic  epidote,  partly 
replacing  crystals  of  oligoclase.  A  certain  amount  of  qusurtz  is 
present,  but  this  too  is  probably  of  secondary  origin.  A  specimen 
of  the  fresher  and  finer-textured  variety,  with  quartz-amygdules, 
from  the  head  of  the  great  stone-shoot,  gives  the  specific  gravity 
2*68.  Under  the  microscope  it  shows  a  different  stnictiire  [8718J. 
A  microporphyritic  character,  which  was  scarcely  eWdent  in  the 
former  specimen,  is  here  well  developed.  The  phenocrysts  include 
orthoclase,  oligoclase,  and  fresh  colourless  augite  in  crystals  from 
•01  to  '05  inch  in  length.  These  occur  closely  clustered,  with  a 
few  small  octahedra  of  magnetite,  in  a  finely  granular  ground- 
mass,  which  must  be  chiefly  of  orthoclase.  The  quartz  which 
occurs  here  is  ceHainly  a  secondary  product. 

In  its  geological  relations  as  well  as  in  its  petrographical  cha- 
racters this  rock  stands  alone.  It  is  not  seen  to  cut  anything 
younger  than  the  gabbro,  and  the  only  rocks  which  cut  it  belong 
to  a  late  epoch.  Its  precise  age  is  therefore  not  certainly  fixed,  but 
we  attach  it  rather  to  the  principal  group  of  minor  acid  intrusions 
than  to  the  granites. 

Several  dykes  of  the  kind  considered  here — i.e.  composed  largely 
of  alkali-felspars  with  little  or  no  quartz — are  seen  in  the  neighbour- 
hood of  Allt  a'  Mhaim,  on  the  north-west  side  of  the  Cuillins,  near 
the  foot-path  from  Sligachan  to  Glen  Brittle.  They  are  of  more 
than  one  type.  One  is  a  dull  reddish  rock,  of  fine  texture  but 
evidently  crystalline,  which  may  be  termed  a  biotite-bearing 
orthophyre.     The  felspar  phenocrysts,  which  are  not  closely  set,  are 
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of  orthoclase  with  less  frequent  oligoclase,  and  are  about  ^  inch 
long.  There  are  scattered  flakes  of  brown  mica,  sometimes  enclosed 
in  the  felspars,  some  iron-ore,  and  a  few  grains  of  sphene.  The 
ground-mass  is  composed  of  little  felspars  giving  rather  stout 
rectangular  sections,  and  these  are  mostly  if  not  wholly  orthoclase. 

A  neighbouring  dyke  difiers  from  the  preceding  in  having  horn- 
blende instead  of  biotite,  and  also  in  having  a  trachytic  mstead 
of  an  orthophyric  structure  in  its  ground-mass.  The  rock  is 
of  light  colour  with  white  felspar  phenocrysts,  exceptionally  as 
much  as  ^  inch  long,  and  lustrous  black  hornblendes  \  to 
^  inch.  A  thin  slice  [9257]  shows  that  the  felspar  is  a  plagio- 
clase :  the  hornblende  is  brown,  and  the  crystals,  often  twinned, 
have  their  outlines  rounded  by  magmatic  corrosion.  Magnetite 
crystals  and  rather  stout  little  prisms  of  apatite  are  present.  The 
ground-mass  consists  of  little  interlacing  felspars,  only  about  '005 
inch  long,  with  minute  granules  of  magnetite.  This  rock,  with 
a  specific  gravity  2*63,  is  probably  somewhat  less  acid  than  the 
preceding.  Both  dykes,  as  well  as  others  in  the  vicinity,  are  asso- 
ciated in  the  field  with  basic  dykes  and  run  in  contact  with  them, 
but  not  consistently. 

A  dyke  seen  on  the  lower  slopes  of  Beinn  R6idh-beag,  near  the 
north-west  coast  of  ^Scalpay,  resembles  the  former  of  the  AUt  a' 
Mhaim  dykes  in  its  orthophyric  stinicture,  but  the  latter  one  in  the 
nature  of  its  ferro-magnesian  element,  and  it  may  be  named  horn- 
blendic  orthophyre.  It  is  stained  to  a  brick-red  colour  very  like  that 
of  the  Torridonian  sandstone  which  it  intersects,  and  might  easily 
be  passed  over  except  for  the  occurrence  in  it  of  green  crystals  of 
hornblende  up  to  ^  inch  in  length.  Its  specific  gravity  is  2-66. 
In  a  thin  slice  [9379]  the  hornblende  shows  as  idiomorphic  crystals, 
sometimes  twinned,  with  a  colour  varying  from  brown  to  green,  the 
latter  owing  to  alteration.  The  rest  of  the  rock  consists  of  stout 
little  felspar  crystals,  about  '01  inch  long,  with  a  very  little  inter- 
stitial quartz.  This  dyke  is  only  half  a  mile  distant  from  the  fringe 
of  the  large  granite  mass,  but  it  is  more  probably  to  be  referred 
to  the  minor  intrusions  than  to  the  plutonic  phase. 

Some  of  the  felsite  dykes  of  the  Strathaird  peninsula  belong  to 
this  place.  We  have  already  remarked  that,  like  the  Allt  a'  Mhaim 
dykes  which  they  resemble  petrographically,  they  sometimes  run 
for  a  certain  distance  in  contact  with  basic  dykes.  A  specimen 
from  about  250  yards  S.E.  of  Elgol  is  a  pale  grey,  fine-textured 
rock  enclosing  rather  abundant  felspar  phenocrysts,  often  clustered 
in  **  glomeroporphyritic  "  groups  up  to  ^  inch  in  diameter.  They 
are  considerably  altered,  some  being  opaque  and  white,  others 
nearly  black.  In  a  thin  slice  [7485]  these  felspars  show  characters 
very  suggestive  of  cryptoperthite.  There  are  rare  flakes  of  decayed 
biotite,  and  the  ground-mass  consists  of  little  rectangular  felspars, 
about  *01  inch  long,  with  sensibly  straight  extinction,  and  some 
interstitial  quartz.  Bocks  of  this  kind  approximate  in  some 
respects  to  the  bostonite  (or  bostonite-porphyry)  type.  The  resem- 
blance to  the  original  bostonites  is  closer,  as  regards  micro-structure 
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and  the  absence  of  feiro^inagnesian  minerals,  in  certain  of  our  dykea 
whicli  consiet  entirely  of  &  plexus  of  little  crystals  of  alkali-felspar. 
One  rock  of  this  kind  [2675],  among  the  older  collections  of  the 
Geological  Survey,  is  labelled  "  Glen  Brittle  House,"  but  we  have 
not  succeeded  in  discovering  it  in  that  locality.  This  specimen 
gives  the  low  specific  gravity  2'61.  It  is  of  fine  texture,  ttie  little 
felspar  crystals  being  only  006  to  01  inch  in  length. 


hnportcmce  of  the  Basic  Dykes.  291 


CHAPTER  XVII. 
Basic  Dykes:  Field  Relations. 

Every  geologist  who  has  written  of  Skye,  or  of  others  of  the 
Inner  Hebrides,  has  remarked  upon  the  prominent  part  played  by 
dykes  in  the  igneous  geology  of  the  region.  By  far  the  greatest 
number  of  them  are  composed  of  basic  rocks — diabase,  dolerite, 
basalt.  They  are  by  no  means  all  of  one  age,  or  approximately  so  : 
on  the  contrary,  numerous  successive  episodes  in  the  history  of 
Tertiary  igneous  activity  in  the  region  have  been  characterised  by 
the  intrusions  of  a  vast  number  of  dykes.  Nor  have  they  all  fill- 
filled  the  same  functions.  We  have  already  stated  that  some  of 
them  occupy  the  fissures  through  which  the  lavas  were  poured 
forth;  while  others,  of  later  age,  may  perhaps  stand  in  a  like 
relationship  to  the  intruded  sills.  We  shall  see  that  others  again, 
and  these  doubtless  a  majority  of  the  whole,  did  not,  so  far  as  we 
can  ascertain,  fulfil  any  such  office,  but  are  to  be  regarded  as 
complete  and  self-contained  intrusive  bodies.  These  are  younger 
than  lavas  or  sills,  and  belong  to  more  than  one  distinct  epoch. 

A  complete  investigation  of  the  dykes  would  include  the 
separation  of  them  into  distinct  groups,  the  an*anging  of  these 
in  chronological  sequence,  and  the  petrographical  description  of 
each  group.  We  have  not  been  able  to  obtain  the  requisite  data 
for  such  a  complete  account,  and  it  may  be  doubted  whether  such 
data  are  attainable.  The  imperfect  results  which  represent  the 
very  partial  success  of  our  attempts  in  this  direction  will  be  given 
below ;  but  in  the  present  chapter  we  shall  make  some  general 
remarks  upon  the  basic  dykes  of  Skye  as  a  whole,  and  more 
especially  upon  the  characters  which  they  exhibit  in  the  field. 
These  remarks  are  prompted  by  observations  made  during  our 
detailed  survey,  which  embraced  only  a  part  of  the  island ;  but 
from  what  has  been  written  by  other  geologists,  and  in  particular 
from  the  general  account  given  by  Sir  A.  Geikie,*  it  cannot  be 
doubted  that  the  results  are  applicable,  not  only  to  the  whole  of 
Skye,  but  to  a  much  wider  region. 

The  most  striking  features  of  the  dykes  as  a  whole  are 
undoubtedly  their  astonishing  number  and  their  general  com- 
munity of  direction.  These  and  some  other  points  appear  clearly 
on  the  geological  map,  but  we  shall  proceed  to  consider  them  more 
fully.  And  first  it  is  very  noticeable  that  the  dykes  are  by  no 
means   equally  numerous  in  difierent  parte  of  the  country.     A 

*  Trans.    Roy.    Soc.    Edin.t  vol.   xxxv.,   pp.   29-74;    1888:    Ancient 
Volcanoes  of  Great  Britain,  vol.  ii.,  chapters  xxxiv.,  xxxv. ;  1897. 
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small  part  of  this  inequality  is  no  doubt  only  apparent,  and  results 
merely  from  the  fact  that  over  considerable  areas  the  rocks  are 
totally  concealed  by  peat ;  but  this  affords  no  adequate  explanation 
of  the  differences  actually  observed.  For  instance,  the  hills  com- 
posed of  granite  and  of  Torridon  Sandstone  afford  everywhere 
abundant  exposures,  but  they  often  contain  much  fewer  dykes  than 
other  areas  adjacent. 

A  glance  at  the  map  is  sufBcient  to  show  that  the  frequency  of  the 
dykes  in  different  places  depends  very  largely  upon  the  nature  of  the 
country  rock, 

A  striking  illustration  of  this  appears  on  comparing  the  basalt 
country  and  the  gabbro  of  the  Cuillins  on  the  one  hand  with  the 
granite  tract  on  the  other.  While  a  square  mile  of  the  former 
often  contains  as  many  as  a  hundred  dykes,  an  equal  area  of  the 
latter  shows  on  the  average  only  iSve  or  six  at  most.  This  point 
calls  for  some  remark  as  regards  its  bearing  on  the  relative  ages  of 
the  various  intrusions.  As  Sir  A.  Geikie  has  long  ago  pointed  out, 
there  are  dykes  obviously  older  than  the  granite,  being  clearly  cut 
off  or  enclosed  and  highly  metamorphosed  by  it ;  while  others  again 
are  later,  and  cut  the  granite.  But  the  fact  that  the  great  majority 
of  the  dykes  which  approach  the  granite  do  not  intersect  it,  must 
not  be  taken  as  implying  that  most  of  the  dykes  are  pre-granitic. 
The  reverse  is  certainly  the  case ;  and  the  dykes  in  general  do  not 
cut  the  granite,  only  because  they  experienced  a  difficulty  in  pene- 
trating it.  This  is  abundantly  proved.  We  see,  for  example,  that 
where  the  granite  becomes  a  sheet  of  no  great  thickness  the  dykes 
do  cut  it,  and  where  apophyses  run  out  from  the  main  body  the 
dykes  cut  these  freely.  Further,  in  places  where  very  numerous 
dykes  approach  close  to  the  granite  without  ente-ring  it,  as  on  the 
south  side  of  the  Beinn  an  Dubhaich  mass,  the  great  majority  of 
them  are  not  nietanior])hosed.  These  must  be  newer  than  the 
granite,  although  they  stop  short  against  it. 

The  fact  that  the  gabbro  in  certain  places  in  the  Cuillin  tract  is, 
in  contrast  to  the  neighbouring  parts,  relatively  free  from  dykes  is 
explained  by  the  presence  of  granite  underlying  it.  This  is  well  seen 
on  Druim  an  P]idhne  and  in  Coire  Riabhach,  where  for  about  three- 
quarters  of  a  mile  from  tlie  granite  boundary  the  gabbro  contains 
almost  no  dykes,  excepting  those  sent  out  by  the  granite  itself 
The  Blaven  range  affords  another  good  illustration,  having  far 
more  dykes  on  its  eastern  than  on  its  western  side.  This  is 
doubtless  due  to  the  fact  that  the  granite  sheet,  thick  in  Strath  na 
Creitheach,  thins  out  rapidly  eastward.  It  also  thins  out  southward, 
and  so,  as  we  approach  Caniasunary,  we  find  the  dykes  appearing 
in  force  in  the  valley. 

The  resistance  offered  by  the  granite  to  the  passage  of  the  dykes 
cannot  arise  from  its  hardness  and  toughness,  for  in  these  respects 
it  is  inferior  to  the  gabbro.  Possibly  chemical  as  well  as  physical 
considerations  enter  into  the  question.  The  freedom  with  which 
dykes,  often  of  very  small  width,  cut  through  the  massive  gabbro  is 
a  striking  phenomenon.     They  are  not  noticeably  fewer  on  the 
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Bummits  of  the  CuillinB  than  in  the  adjacent  valleys,  although 
they  must  have  traversed  between  2000  and  3000  feet  of  gahbro. 
To  this,  however,  there  eeema  to  be  a  limit;  for  when  we  turn  from 
the  gabbro  laccol'te  of  the  Cu'llins  to  the  gabbro  boss  to  the  north 
west  of  Broadford  ve  find  the  latter  almost  entirely  free  from 
dykea  excepting  o  ly  those  of  ac  d  compos  t  on  clearly  belonging 
to  the  adjace  t  gran  te  S  m  la  ly  the  gran  te  of  the  eastern  Red 
Hills  apparently  of  the  nat  re  of  a  boss  s  cut  by  very  few  dykes 
and  the  undoubte  1  boss  of  Be  nn  an  Dubha  ch  by  none 

The  basalt  lavas  as  ve  have  sa  d  are  freely  traversed  by  dykea 
and  the  same  is  trae  of  the  s  Us    ntercalated  among  the  lavas   so 
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F  o    62  — Gr  und  plan  uf  a  small  area  m  the  lower  part  of  Taime  lear 
ahov  ng  dykes  erm  natmg  abrup  ly  against     Icanic  agglomerate 

long  as  they  are  of  small  or  moderate  thickness.  We  find,  however, 
that  those  parts  of  the  moorland  hills  which  consist  largely  of  thick 
ailts  have  often  very  few  dykes.  Doubtless  some  of  the  dykes  seen 
on  the  lower  ground  represent  the  feeders  of  the  siil-like  intrusions 
themselves,  and  naturally  terminate  in  their  own  individnal  sills ; 
but  the  general  explanation  must  be  that  the  thick  sills  offered  an 
almost  impenetrable  barrier  to  the  passage  of  dykes  intruded  later. 
Another  rock  which  is  not  often  cut  by  baalc  dykes  is  the 
volcanic  agglomerate.  This  ia  veiy  remarkably  illustrated  in  the 
lower  part  of  Taimeilear,  where  dykes  traversing  the  gabbro  are 
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seen  to  end  abruptly  against  the  boundary  of  one  of  the  patches  of 
agglomerate  enclosed  in  the  gabbro  (Fig.  62).  It  is  noticeable 
that  each  dyke  becomes  slightly  swollen  towards  its  termination. 

Turning  to  the  sedimentary  rocks,  we  find,  as  might  be  anticip- 
ated, that  the  Cambrian  limestones  are  easily  cut  by  the  dykes, 
which  occur  in  these  rocks  in  the  Strath  district  with  great 
profusion.  The  Torridon  Sandstone,  which  is  here  overthrust  so  as 
to  rest  on  the  limestones,  affords  a  strong  contrast  in  this  respect; 
and  near  the  junction  of  the  two  formations  it  is  seen  that  while 
basalt  dykes  occur  in  the  limestone  often  at  average  intervals  of  ten 
yards  or  less,  a  very  small  fraction  of  the  number  have  penetrated  the 
overlying  sandstone.  Leaving  out  the  Sleat  district,  where  over  a 
large  area  the  Torridonian  is  the  sole  country-rock,  the  only  places 
w^here  the  sandstone  contains  abundant  dykes  are  the  isle  of  Soay, 
with  a  small  area  along  the  coast  at  the  south-eastern  base  of 
Garsbheinn,  and  some  parts  of  the  isle  of  Scalpay.  An  apparent 
difficulty  is  suggested  by  the  consideration  that  the  Cambrian 
limestones  of  Strath,  which  are  often  crowded  with  dykes,  pre- 
sumably rest  on  Torridon  Sandstone  in  its  proper  position  beneath; 
through  this  the  basalt  dykes,  or  the  basalt  of  the  dykes  in  some 
form,  must  have  found  a  way.  The  Torridon  Sandstone  again 
underlies  probably  the  whole  of  the  Cuillins.  We  must  admit  that 
the  dykes  were  able  to  traverse  the  sandstone  when  no  other  course 
was  open  to  them ;  and  that  the  sandstone  in  the  Strath  district  is 
comparatively  free  from  dykes,  only  because  the  limestone  in  the 
immediate  neighbourhood  offered  an  easier  passage.*  It  is 
important  to  note,  as  we  shall  show  hereafter,  that  the  molten 
magma  has  often  travelled  along  the  dyke-fissures  in  directions 
very  considerably  inclined  to  the  vertical  and  sometimes  nearly 
horizontal.     (See  Chap.  XXIII.) 

A  rock  remarkably  impenetrable  to  dykes  is  the  coarse  Triassic 
conglomerate.  At  Eilean  Leac  na  Gainimh,  on  the  N.W.  coast  of 
Scalpay,  a  12  ft  dolerite  dyke  traversing  the  Torridonian  stops 
abniptly  at  the  base  of  this  conglomerate. 

Dykes  are  usually  very  numerous  in  the  Jurassic  strata. 
Maccullocht  noted  their  remarkable  abundance  on  the  east  side 
of  the  Strathaird  peninsula,  where,  he  says,  without  much 
exaggeration,  "  they  in  some  places  nearly  equal,  when  collectively 
measured,  the  stratified  rock  through  which  they  pass."  Notwith- 
standing his  statement  to  the  contrarj^  they  are  equally  abundant 
on  the  west  side  of  the  peninsula.     It  seems  certain  that  in  places 

*The  implied  assumption  that  the  Torridonian  was  stripped  from  Ben 
Suardal,  etc.,  in  pre-Tertiary  times  is  a  justifiable  one.  In  the  Torran 
neighbourhood  we  see  that  it  had  been  removed,  not  only  from  the  summit, 
but  from  both  flanks  of  the  anticline  before  the  deposition  of  the  lias.  For 
Eome  distance  north  of  Strath  Suardal  too  the  sandstone  umst  have  been 
stripped  away  in  pre-Tertiary  times,  for  in  several  of  the  patches  enclosed  in 
the  Beinn  na  CaiUich  granite  the  basaltic  lavas  are  seen  resting  on  Cambrian 
limestones. 

f  Trans.  Geol.  Soc.y  vol.  iv.,  p.  171;  1817:  Description  of  the  Western 
Tslands  of  Scotland,  vol.  i.,  pp,  ,S95-398  ;  pi.  XVI.,  fig.  1  ;  1819. 
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a  considerable  proportion  of  them  fail  to  penetrate  the  outliers  of 
basaltic  lavas  (with  sills)  which  rest  on  the  Jurassic  strata  of 
Strathaird. 

If  we  confine  our  attention  to  a  single  country-rock,  we  find  that 
the  dykes  are  not  always  uniformly  distributed  throughout  its  area, 
but  sometimes  show  a  certain  tendency  to  congregate  in  particular 
belts  of  country.  Mr  Clough  notes  this  in  tihe  Torridonian  tract 
which  forms  the  greater  part  of  Sleat.  **  As  we  pass  from  Kyleakin 
to  the  Point  of  Sleat,  along  a  line  oblique  to  the  general  direction 
of  the  dykes,  they  gradually  become  more  abundant ;  but  there  are 
certain  spaces  in  which  they  are  fewer  than  on  either  side.  For 
about  three  miles  S.W.  from  Kyleakin  we  do  not  usually  find  more 
than  three  or  four  in  the  breadth  of  a  mile;  near  Kinloch  there  are 
more  than  twice  as  many  in  the  same  breadth ;  in  a  tract  which 
comes  to  the  Sound  of  Skye  between  Knock  Bay  and  Camas 
Baravaig  they  are  again  less  numerous ;  but  S.W.  of  this  they 
appear  again  in  great  force.  On  the  S.W.  side  of  a  line  connecting 
Ob  Gauscavaig  and  Tormore  they  are  too  numerous  to  be  all  shown 
on  the  one-inch  map."  In  the  basaltic  tract,  the  only  more 
extensive  area  of  uniform  geological  constitution,  the  irregularities 
in  the  frequency  of  the  dykes  seem  to  have  something  of  the  same 
peculiarity ;  but  here  the  principle,  if  it  be  one,  is  obscured  by  a 
more  important  factor,  viz.  the  obstruction  ofiered  to  dykes  by  the 
massive  sills.  There  are  thus  more  dykes  in  the  valleys  than  on 
the  plateaux.  Moreover  there  are  considerable  stretches  of  country 
almost  wholly  concealed  by  peat.  The  principal  area  of  granite 
presents  a  distribution  of  dykes  more  nearly  comparable  with  that 
found  in  the  Torridonian  tract  of  Sleat.  If  a  line  be  drawn  in  a 
direction  N.W.  by  N. — S.E.  by  S.,  from  Glamaig  to  Torran,  it  is 
seen  that  in  the  granite  to  the  north-east  of  this  dykes  are  very 
rare,  their  scarcity  being  emphasized  by  the  occurrence  of  numerous 
dykes  in  the  patch  of  basaltic  lavas  and  gabbro  forming  the  northern 
part  of  Beinn  na  Cro.  To  the  south-west  of  the  same  line,  between 
it  and  a  parallel  line  near  Allt  na  Measarroch  (N.E.  of  Marsco), 
lies  a  belt  which  includes  most  of  the  dykes  of  the  granite  tract: 
about  Beinn  Dearg  (of  Sligachan)  it  contains  as  many  as  thirty 
dykes  in  a  breadth  erf  two  miles.  Still  farther  to  the  south-west, 
on  Marsco,  Ruadh  Stac,  and  the  slopes  beyond  Strath  na  Creitheach, 
dykes  again  become  comparatively  rare.  We  must  remember, 
however,  that,  in  consequence  of  the  difierent  geological  relations 
of  the  granite  in  different  parts  of  the  area,  its  vertical  thickness 
must  present  great  variations,  and  this  may,  as  already  remarked, 
have  an  important  influence  on  the  frequency  of  the  dykes. 

In  this  connection  we  may  notice  the  distinction  drawn  by  Sir 
A.  Geikie*  between  the  "  Solitary  "  and  the  "  Gregarious  "  types  of 
dykes.  His  instances  of  the  former  are  drawn  from  outlying  parts 
of  the  Tertiary  igneous  province,  e.g.  the  Cleveland  dyke,  and  the 
Skye  dykes  undoubtedly  tend  to  occur  in  sets;    but  we  find 

*  Trans,  Roy,  Soc.  Edin,^  vol.  xzxv.,  p.  33;   1888:  Ancient  Volcanoes  of 
Great  Britain,  vol.  ii.,  p.  122 ;  1897. 
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also  single  dykes,  usually  of  rather  large  size,  occurring  alone. 
A  good  example  is  the  diabase  dyke,  more  than  50  feet 
wide,  which  makes  a  prominent  feature  on  the  eastern  face  of 
Beinn  na  Caillich  as  seen  from  Broadford  (see  Fig.  5,  p.  17).  It 
bears  W.N.W.  and  can  be  traced  for  only  a  short  distance.  There 
are  also  some  which,  though  occurring  among  other  dykes,  may  be 
far  from  any  other  of  their  own  kind.  Such  are  the  coarse  diabase 
or  gabbro-like  dykes,  not  belonging  to  the  gabbros  proper,  which  are 
found  in  a  few  places. 

More  striking  than  their  gregarious  habit  is  the  tendency  of  the 
dykes  to  occur  in  actual  juxtaposition,  without  any  intervening 
strip  of  country-rock.  Two  or  more  dykes,  sometimes  ten  or 
twelve,  can  often  be  traced  running  in  actual  contact  with  one 
another  for  considerable  distances.  In  this  way  arise  what  may  be 
styled  double,  triple,  and  multiple  dykes,  a  peculiarity  already 
noticed  in  the  basic  sills.  The  several  members  of  such  an 
assemblage  constitute  in  some  respects  a  geological  unit:  for 
example  they  are  necessarily  mapped  in  most  cases  as  one  dyke,  to 
which  the  epithet  **  multiple "  may  be  attached  to  mark  its  true 
nature.  They  may  die  out  successively,  producing  the  effect  of  the 
multiple  dyke  thinning  away,  or  they  may  part  company,  giving  a 
fallacious  appearance  of  bifurcation  or  branching.  A  good  example 
of  a  multiple  dyke  is  seen  near  Kilchrist,  to  the  south-east  of  the 
loch.  Here,  abutting  upon  the  road  from  Broadford  to  Torran,  is 
a  prominent  ridge  formed  by  what  appears  to  be  a  large  dyke  more 
than  100  feet  wide  traversing  the  Cambrian  limestones.  Following 
it  for  a  short  distance  from  the  road,  we  find  it  dividing,  so  as  to 
enclose  a  strip  of  limestone  some  400  feet  long  and  30  or  40  feet 
wide.  This  strip  is  not  enveloped  by  a  single  large  dyke,  but 
caught  between  two  distinct  dykes ;  and  a  closer  scrutiny  of  the 
road-side  section  reveals  that  we  have  to  do  not  with  one  large 
dyke  but  with  at  least  six  contiguous  dykes.  They  are  recognis- 
able as  distinct  intrusions  by  petrographical  differences  and  in  some 
cases  chilled  margins. 

Multiple  dykes  are  not  confined  to  any  one  part  of  Skye,  but  there 
are  certain  parts  of  the  island,  very  rich  in  dykes,  where  this  mode 
of  occurrence  is  exceedingly  prevalent.  This  is  the  case  in  the 
basaltic  country  to  the  north-west  of  the  mountains,  between  Loch 
Sligachan  and  Glen  Eynort  or  between  Glen  Varragill  and  Loch 
Harpoi-t ;  and  again  throughout  the  S  traithaird  peninsula,  to  the  south- 
east of  the  mountains  {see  Fig.  52,  p.  238).  There  are  even  places 
where  the  dykes  which  run  singly  are  a  minority.  In  the  granitic 
tract  multiple  dykes  are  very  rarely  met  with.  One  is  seen  on 
Druim  Eadar  da  Choire,  having  a  total  width  of  23^  feet  and  con- 
sisting of  nine  members,  as  follows,  from  S.  to  N. : — (i.)  with  strong 
prismatic  jointing,  ^  f t ;  (ii.)  massive,  with  a  few  amygdules,  2  ft ; 
(iii.)  highly  amygdaloidal  and  much  decomposed,  \  ft  ;  (iv.)  like  ii., 
6  ft ;  (v.)  with  spheroidal  structure,  3  ft ;  (vi.)  like  iii.,  \  ft ;  (vii.) 
with  large  irregular  crystals  of  augite,  up  to  1  inch,  and  grains  of 
olivine,  6  ft ;  (viii.)  like  iii.,  ^  ft ;  (ix)  with  spheroidal  structure 
and  containing  large  felspar  phenocrysts,  4^  ft. 
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The  several  components  of  a  multiple  dyke  are  certainly  not 
always  referable  to  the  same  group  of  intrusions.  This  appears 
both  from  petrographical  considerations  and  from  direct  evidence — 
such  as  the  chilling  of  one  member  against  another — ^which  proves 
a  certain  time-interval  between  the  separate  intrusions.  Chilled 
edges  are,  however,  less  frequently  seen  in  the  area  of  principal 
distribution  of  multiple  dykes  than  in  outlying  districts,  where 
occurrences  are  rarer  and  the  multiple  character  perhaps  a  more 
fortuitous  circumstance.  Rarely,  if  ever,  can  we  verify  that  one 
member  cuts  a  transverse  dyke,  while  others  are  cut  by  it.  Mr 
Clough  notes  that  at  one  place  in  the  Sleat  district,  "  half  a  mile 
N.N.E.  of  Rudha  Ch^rn  nan  Cearc,  a  N.N.W.  coarse  dolerite  dyke 
is  crossed  by  some  E. — W.  calcite  strings,  while  a  later  fine-grained 
dyke  runs  with  the  coarse  dyke  and  cuts  through  some  of  the 
strings." 

In  most  of  the  multiple  dykes  the  several  members,  while 
differing  in  histological  and  structural  characters  and  perhaps  to 
some  extent  in  composition,  are  all  of  basic  rocks ;  but  in  other 
cases  acid  rocks  are  associated  with  the  basic.  An  example  easily 
accessible  is  seen  on  the  shore  N.E.  of  Corry  Lodge,  Broadford.  It 
is  a  multiple  dyke  26  ft  in  width,  half  of  which  is  occupied  by  a 
single  member  consisting  of  granophyre.  This  has  on  one  side  a 
single  basalt  dyke  1  ft  wide,  and  on  the  other  a  group  of  basalt 
dykes  with  a  total  width  of  12  ft.  The  granophyre  cuts  obliquely 
across  one  of  the  latter,  proving  that  it  is  of  later  intrusion. 
Dykes  consisting  of  several  members  which  differ  considerably  in 
composition  may  conveniently  be  termed  composite  multiple  dykes. 
As  an  example  showing  more  complexity,  we  may  take  one  near  the 
coast  1100  yards  S.S.E.  of  Camasunary,  well  seen  just  below  the 
escarpment  formed  by  the  basaltic  lavas  of  Strathaird.  This  shows, 
in  order :  compact  felsite  with  sinuous  flow-structure,  8  ft ;  basalt, 
2  ft;  felsite  as  before,  11  ft;  basalt,  7  ft;  felsite,  4  ft;  basalt, 
1  ft ;  felsite,  with  a  tongue  of  basalt  cutting  into  it,  4  ft ;  por- 
phyritic  felsite,  1  ft;  basalt,  2  ft;  compact  felsite,  17  ft;  basalt, 
i  ft;  compact  felsite,  18  ft;  in  a\l  t^ reive  members  in  a  width 
of  75  ft.  This  is  perhaps  not  the  full  width,  for  after  20  ft  of 
concealed  rocks  we  come  next  to  a  porphyritic  dolerite,  and  other 
dykes  follow  without  any  interval.  We  have  had  occasion  in  a 
former  chapter  to  allude  to  composite  multiple  dykes  consisting, 
like  these,  of  basic  and  acid  members.  They  were  there  introduced 
in  connection  with  certain  triple  composite  dykes  of  symmetrical 
habit  presenting  remarkable  petrographical  phenomena  at  the 
junctions  of  the  component  members.  The  commoner  kinds  of 
composite  dykes  have  no  systematic  symmetry  of  habit  (though 
this  may  come  in  locally  and  by  accident),  and  do  not  show  any 
sensible  effects  of  reaction  between  basic  and  acid  rocks.  They 
have  a  somewhat  wider  distribution  than  the  special  type,  and  am 
of  later  date,  being  constantly  found  to  intersect  the  ordinary 
basic  sills.  After  what  has  been  said  before,  there  is  no  need  to 
mention  more  examples  in  this  place. 
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The  splitting  of  oue  dyke  by  a  parallel  dyke  distinctly  later  and 
independent  is  very  exceptional.*  There  are,  however,  in  certain 
dykes,  of  more  or  less  basic  composition  throughout,  appearances 
suggestive  of  the  splitting  and  evisceration  of  a  partially  consolid- 
at-ed  dyke  by  a  slightly  later  injection  of  a  magma  sufficiently 
different  to  be  distinguishable.  The  result  is  a  triple  arrangement 
with  bilateral  symmetry,  comparable  in  this  respect  with  that 
described  in  the  peculiar  composite  dykes  and  sills  of  the  former 
chapter,  where  it  has  originated  in  the  same  way.  The  dykes  now 
under  notice,  however,  are  basic  throughout,  though  they  exhibit 
variations  between  their  central  and  marginal  parts  so  great  as  to 
bespeak  considerable  differences  in  chemical  and  mineralogical  com- 
position. This  is  illustrated  by  the  following  specific  gravity 
determinations : — 

Dyke  (18  ft),  in  Cambrian  limestone,  on  shore  at  mouth  of 
stream  immediately  north  of  Sgeir  Mhdr,  Torran— 

Central  porphy ritic  band  ...         ...         ...      2*86, 

Non-porphyritic  part,  1  ft  from  edge      ...      3*02. 

Porphyritic  dyke  (3  ft),  in  Cambrian  limestone,  about  1000 
jrards  N.N.E.  of  summit  of  Beinn  Suardal — 

Central  porphyritic  band  ...         ...         ...      2'85, 

Marginal  non-porphyritic  band    ...         ...      2*80. 

Dyke  (1  ft),  in  Lias,  on  shore  150  yards  N.W.  of  Rudh'  an 
Eirreannaich,  Broadford — 

Centre        ...         ...         ...         ...         ...      2*80, 

Margin  (including  fine  selvage)  ...         ...      2*74. 

Dyke  like  the  preceding,  at  same  locality — 

vycnLre        ...         ...         ...         ...         ...      ^^'o^. 

Marginal  part  (not  actual  selvage)  ...      2*78. 

Dyke  cutting  gabbro  in  valley  of  Allt  Aigeinn,  600  yards  E. 
of  summit  of  Garbh-bheinn — 

Central  part  ...         ...         ...         ...      3'00, 

Marginal  part        ...         ...         ...         ...      2*66. 

In  these  cases,  and  others  wliich  might  be  cited,  there  is  a  sym- 
metrical disposition  of  the  variations,  the  two  marginal  portions  of 
the  dyke  resembling  one  another  and  differing  from  the  interior 
portion.  There  is  no  such  sharp  line  of  demarcation  as  would  exist 
had  the  marginal  and  central  portions  been  intruded  at  quite 
different  epochs.  It  is  not  possible,  however,  to  account  for  the 
variation  by  "  differentiation  in  situ "  after  the  intrusion.  This 
appears  from  the  magnitude  of  the  differences  observed,  especially 
in  the  last  example.     It  would  be  difficult  also  on  such  a  hypothesis 

♦See,  e.g.y  Macculloch,  Dest'riptioii  of  the   Western  Islands  of  Scotliandt 
vol.  iii.,  pi.  XVIII.,  fig.  1 ;  1819. 
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to  explain  the  fact  that  in  the  first  two  cases  instanced  the  distrib- 
ution of  the  porphyritic  elements  is  involved;  or  again  that,  except 
in  the  first  case,  the  marginal  portion  of  a  dyke  is  apparently  less 
basic  than  the  interior.  We  must  therefore  suppose,  either  that 
the  magma  as  intruded  consisted  of  distinct  and  different  portions, 
which  did  not  mix  freely;  or  that  there  was  a  first  intrusion, 
represented  by  the  margins  of  the  dyke,  and,  before  that  had  con- 
solidated in  the  interior  part,  a  second  intrusion,  now  represented 
by  the  central  band  of  the  dyke.  The  phenomena  of  some  other 
dykes*  seem  to  indicate  that  the  former  alternative  is  a  possibility ; 
but  the  circumstances  of  the  cases  here  noticed,  and  especially 
the  symmetrical  arrangement,  accord  better  with  the  latter 
explanation. 

Considering  now  the  directions  of  the  dyJces,  we  may  glance  first 
over  the  wider  area,  including  a  large  part  of  Scotland  and  the 
northern  parts  of  Ireland  and  England,  in  which  dykes  which  are 
either  known  or  reasonably  supposed  to  be  of  Tertiary  age  are 
met  with.  Sir  A.  Geikie  has  given  a  map  indicating  the  distribu- 
tion and  bearings  of  these  dykes.t  From  this  it  appears  that  in 
the  west  and  south  of  Scotland,  including  the  islands,  and  the 
north  of  Ireland  the  general  direction  varies  between  N.W. — S.E. 
and  N.N.  W.—S.S.E.,  changing  in  the  north  of  England  to  W.N.  W.— 
E.S.E.  In  the  Midland  Valley  of  Scotland  and  the  Southern 
Highlands  the  general  bearing  seems  to  be  W.  by  S. — E.  by  N., 
becoming  more  W.S.W. — E.N.E.  as  we  approach  the  6rampian8.t 
These  latter  departures  from  the  more  usual  direction  of  trend 
might  with  some  straining  be  interpreted  as  a  tendency  towards  a 
roughly  radial  arrangement;  but  the  change  takes  place  rather 
abruptly,  and  is  more  suggestive  of  a  second  distinct  system  of 
dykes.  At  the  same  time  it  is  noteworthy  that  those  dykes  which 
difier  markedly  in  bearing  from  the  majority  occur  in  an  extensive 
tract  of  Palaeozoic  and  older  rocks,  so  that  their  Tertiary  age  cannot, 
in  the  nature  of  the  case,  be  established  by  direct  proof.    K  we 

*  One  instance  is  a  dyke  of  porphjrritic  basalt  near  Port  na  Long  in  the 
southern  part  of  Sleat,  noticed  below.  This  contains  a  number  of  bands 
alternately  rich  and  poor  in  phenocrysts.  The  following  note  by  Mr  Olough 
illustrates  what  seems  to  be  a  phenomenon  of  the  same  kind:  **The 
weathered  horizontal  section  across  a  dyke  [7373]  rather  less  than  a  mile 
W.S.W.  of  the  top  of  Cnoc  an  Sgimiain,  near  Armadale,  shows  a  close 
alternation  of  paler  and  darker  parts,  often  about  an  inch  thick,  parallel  to 
the  sides.  The  darker  parts  are  also  finer  grained,  and  project  somewhat. 
It  is  not  clear  that  the  sides  of  the  bands  are  chilled,  and  perhaps  the  finer 
bands  have  been  injected  before  the  earlier  rock  was  thoroughly  cooled.  In 
the  thin  slice  of  the  same  rock  are  many  little  patches  of  fine  grained 
dolerite,  and  these  perhaps  represent  a  phase  of  consolidation  of  the  magma 
rather  than  somethmg  quite  foreign  to  the  dyke." 

f  Trans,  Boy,  Soc,  Eain.^  vol.  xxxv.,  pi.  I. ;  1888. 

I  The  camptonite  dykes  of  the  Orkneys,  conjectured  by  Dr  Flett  to  be  of 
Tertiary  age,  also  have  this  latter  direction :  see  Flett,  Trans,  Boy,  Soc, 
Edin.,  vol.  xxzix.,  p.  870 ;  1900.  So  far  as  any  direct  evidence  goes,  how- 
ever, these  may  be  Falseozoic  intrusions. 
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exclude  them,  we  may  say  that  the  British  Tertiary  dykes  have 
a  very  general  bearing  between  north-west  and  north-north-west. 

In  Skye  this  general  direction  is  maintained  with  remarkable 
persistence,  and  is  common  to  dykes  belonging  to  different  petro- 
graphical  groups  and  different  epochs  of  intrusion.  In  and  about  the 
CuiJlins  only  do  we  find,  in  addition  to  the  dykes  having  the  normal 
trend,  other  sets  which  depart  widely  and  systematically  from  it ; 
viz.  one  set  with  a  roughly  radiate  disposition  and  another  con- 
jugate set  at  right  angles  to  the  former.  Excluding  these  fix)m 
present  consideration,  we  may  say  that  the  vast  majority  of  the 
Skye  dykes  have  directions  between  N.W.  and  N.N.W.  Locally 
there  are  variations  extending  to  N.  by  W.  or  nearly  N.  on  the  one 
hand  and  to  N.W.  by  W.  on  the  other,  the  change  coming  on 
gradually.  Taking  seventy  localities  pretty  evenly  distributed  over 
the  whole  area,  we  find  the  average  bearing  to  be  about  N.  37°  W. 
In  some  places  we  find,  in  addition  to  dykes  having  the  normal 
direction,  others  which  run  N. — S.,  N.E. — S.W.,  or  E.— W.  These 
are  few  in  number  and  obviously  exceptions.  In  some  cases  their 
direction  has  been  determined  by  pre-existing  faults.  In  the  Idas 
about  Broadford,  for  instance,  there  are  a  number  of  N. — S.  dykes 
occupying  small  fault-lines.  In  the  Sleat  district  Mr  Clough  has 
found  dykes  occasionally  following  lines  of  crushing  as  well  as  of 
faulting.  Thus  several  N.N.E.  dykes  following  crush-lines  were 
noticed  on  the  shore  W.S.W.  of  Ramasgaig. 

If  we  examine  the  variations  from  the  average  direction  seen  in 
dykes  which  still  fall  within  the  normal  limits,  we  see  very  evident 
indications  of  some  law  governing  those  variations.  These  limited 
departures  from  the  average  seem  to  be  disposed  in  relation  to  the 
great  plutonic  intrusions,  or  no  doubt  more  accurately  to  crust- 
movements  closely  connected  with  those  intrusions.  We  may 
express  this  roughly  by  saying  that  there  is  a  certain  tendency  for 
the  dykes  to  radiate  from  the  central  mountain  district  (Fig.  63). 
A  large  proportion  of  the  dykes  do  point  more  or  less  accurately 
towards  the  mountains,  but  this  is  partly  owing  to  the  fact  that  the 
general  trend  of  the  whole  island  is  approximately  in  the  normal 
direction  of  the  dykes.  Where  the  radial  arrangement  would 
involve  a  departure  of  more  than  20°,  or  at  most  25°,  from  the  aver- 
age bearing  for  the  whole  region,  it  is  not  found,  but  the  tendency 
in  question  becomes  merely  a  modifying  factor,  within  those  limits, 
of  the  general  law.  Thus,  over  a  considerable  area  to  the  north- 
west of  the  Cuillins  and  round  Loch  Harport  the  bearing  of  the 
dykes  is  quite  normal ;  south-west  of  there  it  is  somewhat  more 
westerly ;  north-eastward  it  becomes  steadily  more  northerly.  But, 
although  near  and  to  the  north  of  Loch  Sligaclian  it  is  only  a  few 
degrees  W.  of  N.,  it  never  deviates  so  far  as  due  N.  On  the  south- 
east side  of  the  Cuillins  we  find  in  and  near  the  Strathaird 
peninsula  a  similar  tendency  in  the  dykes  to  point  towards  the 
mountains.  At  the  extremity  of  the  peninsula  the  bearing  is 
N.N.W. ,  but  passing  northward  we  find  it  change  gradually  until 
to  the  east  of  Belig  it  has  become  N.  60°  W. 
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In  the  tract  to  the  south-west  and  south  of  Broadford  the  dykes 
tend  t;0  point  towards  the  granite  boss  of  the  eastern  Red  Hills  and 
to  be  at  right  angles  to  the  curved  anticlinal  axis  which  runs  from 
Broadford  to  Torran  and  includes  the  other  granite  boss  of  Beinn 
an  Dubhaich.  Thus,  about  Kilchrist  and  Beinn  Suardal  the 
bearing  is  N.W.  by  W.,  but  south  and  south-west  from  there  it 
changes  gradually  to  N.N.W.  on  the  north  and  south  sides  of 
Beinn  an  Dubhaich.  Farther  west,  however,  about  Kilbride  and 
Torran  the  dykes  have  a  much  more  westerly  trend,  as  if  belonging 


Fig.  63. — Sketch-map  illustrating  the  bearings  of  the  basic  dykes  in  different 
parts  of  Skye.  The  letters  C  and  R  mark  the  situations  of  the  Cuillins 
and  the  Red  Hills  respectively. 

to  the  former  system  connected  with  the  Cuillin  centre.  In  the 
tract  extending  from  Kyleakin  to  the  Point  of  Sleat  the  ten- 
dency to  a  radiate  arrangement  is  equally  marked,  though  spread 
over  a  greater  extent,  in  accordance  with  the  greater  distance  from 
the  central  mountain  district.  In  the  middle  of  this  tract  the 
bearing  is  quite  normal ;  towards  the  north-east  it  is  much  more 
westerly ;  and  towards  the  south-west  it  changes  gradually  to 
something  like  N.N.W. 
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The  direction  of  the  dykes  seems  then  to  depend  upon  two 
factors.  Causes  of  primary  importance  have  impressed  an  approxim- 
ate  parallelism  upon  the  dykes  throughout  a  large  region  of  which 
Skye  is  only  a  small  part :  the  normal  direction  in  Skye  does  not 
differ  much  from  N.  37°  W.  Variations  from  this  direction  stand 
in  relation  to  causes  of  secondary  or  local  importance,  which  find 
their  expression  in  a  partial  radiate  arrangement  with  reference  to 
certain  centres  of  disturbance  (see  below,  Chapter  XXV.). 

A  characteristic  feature  of  the  dykes  is  their  general  reciilinearity. 
Writing  more  especially  of  the  Sleat  district,  Mr  Clough  says  : — 
"  The  directions  of  most  of  the  dykes  are  tolerably  straight  and 
parallel.  Dykes  which  bend  sharply  and  run  out  of  their  usual 
direction  for  considerable  distances  are  not  common.  In  a  few 
places,  however,  we  do  see  dykes  which  twist  when  they  come  to 
lines  of  pre-existing  crush  or  fault.  Instances  of  this  are  seen  on 
the  N.  side  of  Camas  a'  Mhuilt  (Isle  Omsay),  where  a  dyke,  coming 
from  the  S.E.,  suddenly  twists  and  runs  slightly  S.  of  W.  along  a 
crush  line ;  and  again  about  a  quarter  of  a  mile  N.N.E.  of  Geur 
Rudha,  where  a  dyke,  coming  from  the  N.W.,  runs  slightly  S.  of 
E.  along  a  fault.  In  the  latter  locality  the  width  of  the  dyke  when 
running  with  the  fault  is  only  half  the  usual  breadth :  the  fault- 
breccia  is  hardened  by,  and  certainly  older  than,  the  dyke. 

"  In  a  few  places  dykes  make  conspicuous  changes  of  direction, 
though  we  do  not  know  that  the  changed  path  is  a  line  of  fault. 
Perhaps  it  is  merely  a  thin  joint  line.  Several  instances  of  this 
kind  occur  a  little  E.  of  Ob  Lusa :  in  the  most  marked  instance  a 
N.W.  dyke  several  yards  wide  suddenly  bends  and  runs  N.E.  for 
perhaps  20  yards :  in  the  N.E.  part  the  width  is  in  places  hardly 
a  foot. 

"It  is  occasionally  found  that  a  dyke  comes  suddenly  to  a 
blunt  end,  but  that  at  a  little  distance  from  this  end,  either 
in  a  N.E.  or  S.W.  direction,  a  dyke  of  a  similar  character  sud- 
denly appears  and  runs  in  a  direction  parallel  to  that  of  the 
old  dyke.  A  marked  instance  of  this  kind  was  noticed  on  or 
near  the  coast  rather  more  than  a  third  of  a  mile  E.N.E  of  Rudha 
Dubh  Ard,  near  Ord,  where  a  peculiar  dyke  with  xenocrysts  of 
quartz.  [6134]  appears  to  be  shifted  laterally,  the  S.E.  portion 
towards  the  N  E.,  in  four  different  places,  though  the  dyke  is  never 
seen  in  a  crushed  state :  the  amount  of  the  apparent  displacement 
in  these  four  places  together  is  nearly  100  yards." 

Displacements  of  the  same  kind  but  amounting  only  to  a  few 
feet  may  be  seen  in  numerous  places  in  the  Lias  on  the  shores  of 
Broadford  Bay,  as  shown  in  the  accompanying  ground-plans. 
Sometimes  the  dyke  is  cut  off  abruptly  (Fig.  64) ;  sometimes  it 
runs  out  into  a  number  of  tapering  veins,  which  may  or  may  not 
be  directed  towards  the  detached  continuation  of  the  dyke  (Figs. 
65  and  &6) ;  sometimes  an  actual  continuity  is  preserved  between 
the  several  portions  by  means  of  a  narrow  connecting  string  of 
dyke-rock.  The  same  neighbourhood  affords  examples  of  a  whole 
set  of  dykes  bent  aside  for  a  short  distance  into  a  new  direction, 
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without  any  ostensible  reason  in  the  form  of  faults  or  joints  (Fig. 
67).  In  the  Cowal  district  of  Argyllshire  Mr  Clough*  has  notic^ 
similar  sharp  diversions  occasioned  by  lines  of  crush  in  the  country- 
rock,  earlier  than  the  dykes  affected.  In  the 
case  here  considered  such  crushing,  if  it  occurs, 
affects  only  the  concealed  strata  below  the 
Lias. 

Apart  from  such  abrupt  changes,  the  dykes 
usually  hold  their  course  very  steadily ;  but 
there  seems  to  be  some  difference  in  this  respect 
when  they  occur  in  different  country-rocks. 
In  the  Lias  shales  departures  from  rectilinearity, 
though  not  usually  to  any  great  degree,  are 
frequent.  In  the  Cambrian  limestones  the 
dykea  are  straighter,  though  in  a  few  places 
near  Torran  some  curiously  curved  examples 
occur.     The  straightness  of  the  dykes  which 

fcjL^SC^  i^^^^^  *he  t>^l^i<5  ^^^^^'7  ^  generally  very 
to  show  the  abrupt  strikhig.  The  same  is  usually  true  m  the 
breaking  off  and  gabbro,  except  in  the  case  of  some  small  dykes 
lateral  shifting  of  and  veins,  which  are  also  apt  to  have  abnormal 

*  ^yl^o.  directions ;  but  in  the  granite  irregularities  on 
a  small  scale  are  more  frequent.  A  curved  or  zig-zag  course  is  not 
seldom  found  in  connection  with  variations  in  width  and  interrup- 
tions of  continuity  in  outcrop,  peculi- 
arities which  may  be  taken  to 
indicate  the  dying  out  of  a  dyke  in 
the  upward  direction. 

In  tvidth  the  basic  dykes  vary  from 
a  few  inches  to  over  100  feet,  not 
reckoning  the  greater  widths  attained 
by  the  grouping  of  several  to  form  a 
"  multiple  dyke."  The  widest  single 
dykes  are  those  which  occur  remote 
from  any  others  of  their  o\vn  kind. 
Dykes  of  one  kind  in  the  same  neigh- 
bourhood and  in  the  same  country- 
rock  do  not  vary  very  greatly  in 
width  ;  but  dykes  of  presumably  the 
same  group  in  different  places  and 
in  different  rocks  may  show  consider- 
able variations.  The  numerous  dykes 
which  intersect  the  Liassic  shales  on 
the  shores  of  Broadford  Bay  are  as  a 
rule  not  very  large  ones.  Excluding 
on  the  one  hand  very  nan-ow  and  ^'"-  66.--Ground.pkn  on  shore 
«-4.v.^    •  1      •   J.       •  !-•  1-  ^68t  of  Broadford  Bay:     to 

rather  irregular  intrusions,  which  may      ^how  lateral  shifting  of  a  dyke, 

be  called  veins  rather  than  dykes,  and      the  two  portions  of  which  run 
on  the  other  hand  a  very  few  large      out  into  veins. 

*  Geology  of  Couxd  (Mem,  Ged.  Sur.  Scot)^  p.  144  ;  1897. 
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multiple  dykes,  we  find  from  about  forty  examples  a  mean  width 
of  4  ft.  In  the  crofts  of  Harrabol  a  large  double  dyke  may  be 
followed  for  about  300  yards,  the  two  members  of  which  are  70 
and  30  feet  wide,  respectively ;  and  at  Eudha  na  Sgianadin,  a 
headland  about  two  miles  north-west  of  Broadford,  there  is  a  100 
feet  triple  composite  dyke,  consist- 
ing of  a  central  member  of  grano- 
phyre  and  two  of  dolerite 

The  dykes  in  the  Cambnan  lime- 
stones are  as  a  rule  rather  la^^r 
than  those  in  the  Lias  shales     'Hie 
largest,  ranging  up  to  as  much  as 
50  ft  m  width,  belong  to  the  pre- 
gramtic  set,  and  are  of  thoroughly 
basic  rocks      For  the  rest,  a  large 
number  of  those  about  Kilchnst, 
Torran,  etc  ,  range  from  4  to  10  ft 
m   ^^idtli,   but    there    are    many 
Fio,  66,  _  Ground-plMi  on  shore  smaller      On  Beinn  Suardal,  where 
west  of  Broadford  Bay    to  show  they  are  very  numerous  and  close, 
Iftteni!  Hhifting  of  a  dyke  with  Mr  Cloueh  notes  that  they  are  also 
ri'S?r&.'°nr""'""'-°  con.p.Jivelj.o„.„w.  I„.h,Slea. 
district,    mamly     of     lorridonmn 
strata,  he  found  them  generally  wider.     They  there  average  5  to 
10  ft :  dykes  30  or  40  ft  wide  are  not  common.     A  coarse  diabase 
dyke  about  J  mile  west  of  Tormore  is  in  places  120  ft  wide,  but 
does  not  maintain  this  size. 


Fir;.  67-— Grimnd-|ilau  on  shore  wCNt  of  Broadford  Bay  ;   to  show  »  number 
of  as.<iocifited  dykcG  slmrply  deviated  for  a  short  distance. 

Tlie  dykes  which  cut  the  granite  vary  from  1  ft  to  20  ft  in 
width  :  measurements  of  thirtj^-five  examples  gave  an  average  of 
6  ft.  The  only  very  lai-ge  one  is  the  solitary  coarse  diabase  dyke 
already  noticed  on  the  flanks  of  Beinn  na  Caillich,  with  a  width  of 
over  50  ft.     The  much  more  numerous   dykes   intersecting  the 
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basaltic  plateaux  probably  average  4  or  5  ft  in  width  or  less. 
This  does  not  include  the  multiple  dykes,  which  often  exceed  50 
feet.  As  before,  the  single  dykes  which  reach  the  greatest  size 
are  those  of  "  solitary "  type,  of  coarse  texture  and  thoroughly 
basic  composition.  One  on  the  south-west  slope  of  Broc-bheinn, 
and  about  IJ  mile  north-east  of  Drynoch  Lodge,  is  locally  150 
feet  wide.  The  dykes  cutting  the  gabbro  of  the  Cuillins  are  on 
the  whole  fairly  comparable  in  magnitude  with  those  of  the  basalt 
country;  but  there  are  in  places  very  numerous  narrow  dykes, 
sometimes  running  in  unusual  directions  or  changing  their 
course  abruptly. 

Although  the  majority  of  the  dykes  do  not  depart  very  notice- 
ably from  the  vertical  attitude,  there  are  very  many  which  do 
show  a  marked  hade.  If  this  is  seen  in  one,  it  is  usually  seen  in 
numerous  others  in  the  same  neighbourhood.  In  many  parts  of 
the  basaltic  country  in  particular  both  simple  and  multiple  dykes 
show  a  more  or  less  marked  inclination,  the  moorland  hills  north 
of  the  Cuillins  and  between  Sligachan  and  Portree  affording 
abundant  instances.  The  hade  is  especially  noticeable  where  the 
weathering  away  of  a  dyke,  or  of  the  less  durable  members  of  a 
multiple  dyke,  has  given  rise  to  a  little  ravine.  Allt  Daraich, 
near  Sligachan,  is  a  good  illustration. 

The  hade  is  not  a  mere  accident,  but  must  have  some  real 
significance.  This  is  manifest  from  the  fact  that  it  has  always  the 
same  direction.  With  scarcely  an  exception  among  the  large 
number  of  cases  observed,  the  inclination  is  downward  towards 
the  N.E.,  or  at  least  towards  some  point  in  that  quadrant  (accord- 
ing to  the  varying  direction  of  strike  of  the  djkes).  Now  we 
have  already  seen  that  the  prevalent  dip  of  the  basalt  plateaux  is 
towards  the  west  or  some  point  south  of  west.  The  observed 
hade  of  the  dykes  is,  then,  in  a  general  sense,  such  as  would 
result  if  they  had  been  originally  vertical,  and  had  been  tilted  in 
common  with  the  rocks  which  they  intersect.  If  such  a  sugges- 
tion could  be  established,  it  would  be  of  very  great  help  in 
classifying  the  dykes ;  for  the  regional  disturbance  to  which  the 
inclination  of  the  plateaux  is  due  belpngs  to  a  fairly  determinate 
epoch,  and  we  might  thus  discriminate  between  those  dykes  of 
earlier  epochs  and  those  of  later.  Unfortunately  we  have  not 
found  it  possible  to  use  this  apparently  simple  criterion  in  the 
manner  suggested.  A  large  proportion  of  our  observations  relate 
to  multiple  dykes,  and  it  cannot  be  doubted  that  a  later  intrusion 
would  tend  to  follow  the  guidance  of  an  earlier  one,  even  when  that 
involved  some  departure  from  the  vertical  direction.  Even  the 
simple  dykes  we  cannot  assume  to  have  been  always  vertical 
when  intruded,  for  what  is  presumably  the  primary  law  might 
conceivably  be  modified  by  the  condition  of  crustal  strain  at  the 
epoch  of  the  intrusion.  Such  a  modifying  factor  is  certainly 
suggested  in  the  case  of  the  special  sets  of  dykes  peculiar  to  the 
Cuillins  and  not  included  in  the  present  discussion,  as  well  as  in 
the  imperfectly  symmetrical  composite  dykes  of  Scalpay  described 
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on  pp.  212-214.  Further,  we  are  not  at  liberty  to  suppose  that 
when  a  country  is  broken  into  blocks  and  these  tilted  at  an  angle 
to  the  horizon,  vertical  dykes  are  necessarily  tilted  through  a  like 
angle :  we  must  allow  for  possible  deformation  of  the  individual 
blocks  themselves.  These  reasons  sufficiently  explain  why  we 
have  failed  to  discover  any  evident  connection  between  the  hade 
of  the  dykes  and  their  age. 

The  loiigiiudinal  extent  of  the  individual  dykes  is  a  point  on 
which  it  is  not  easy  to  obtain  very  precise  information.  On  the 
moors  the  rocks  are  often  obscured  or  wholly  concealed  by  peat, 
and  even  on  the  bare  mountains  dykes  are  lost  by  passing  under 
the  screes.  In  some  other  tracts,  such  as  that  occupied  by  the 
Cambrian  limestones,  where  the  rocks  are  fairly  well  exposed,  the 
number  and  closeness  of  dykes  of  similar  lithological  characters 
often  makes  it  impossible  to  identify  an  individual  dyke  along  its 
extent,  unless  it  can  be  followed  uninterruptedly,  foot  by  foot. 
Perhaps  the  granite  offers  the  best  ground  for  such  an  examina- 
tion, the  ground  being  often  quite  bare  over  considerable  areas, 
and  the  dykes  usually  not  too  numerous.  A  given  dyke,  six  to  ton 
feet  wide,  cutting  the  granite  can  in  several  instances  be  traced 
for  a  mile  or  a  mile  and  a  half.  The  dying  out  of  the  dykes  in 
general  is  often  connected  with  a  change  in  the  country-rock. 
On  the  slopes  of  the  basalt  plateaux  the  ending  of  a  dyke  against 
one  of  the  thick  intrusive  sills  is  of  course  a  dying  out  in  the 
upward  direction,  and  does  not  imply  the  termination  of  the  dyke 
laterally.  It  is  by  no  means  a  rule  that  the  broadest  dykes  are 
also  the  longest :  the  solitary  dykes  of  coarse  diabase,  for  instance, 
are  usually  less  than  a  quarter  of  a  mile  in  length. 

In  a  very  few  cases  we  have  observed  what  may  be  an  interrup- 
tion of  continuity,  i.e.  two  closely  similar  portions  occurring  on 
the  same  line  but  divided  by  an  interval,  the  appearances  suggesting 
that  the  two  may  be  parts  of  one  dyke,  continuous  at  a  greater 
depth.  Such  a  thing  may  often  occur  without  detection,  or  at 
least  without  the  possibility  of  proof.  It  may  be  considered  in 
connection  with  the  interruptions  by  lateral  displacement  already 
described,  and  is  probably  always  associated  with  the  dying 
out  of  the  dyke  upward,  as  already  remarked  in  the  imperfect 
triple  composite  dykes  of  Scalpay.* 

The  visible  termination  of  a  dyke  is  not  uncommon  where 
exposures  are  plentiful,  e.g.  in  the  bare  glaciated  corries  of  the 
Cuillins  or  on  a  rocky  shore.  It  does  not  always  take  place  in  the 
same  way.  Sometimes  the  dyke  ends  rather  abruptly;  more 
frequently  it  tapers  to  a  point,  though  it  may  be  rather  suddenly ; 
very  often  it  branches,  and  ends  in  a  number  of  irregular  veins.  A 
50-feet  dolerite  dyke  crosses  the  south-easterly  ridge  of  Marsco,  in 
a  saddle  near  the  figures  2112  on  the  six-inch  map,  and  is  quickly 
lost ;  but  on  the  same  line  a  little  to  the  S.W.  occurs  a  number  of 
narrow  parallel  veins  of  basalt,  about  thirty  in  all,  divided  by  narrow 

*Cf.  Sir  A.  Geikie,  Trans.  Roy.  Soc.  Edin.y  vol.  xxxv.,  pp.  52-55  ;  1888 : 
and  Ancient  Volcanoes  of  Great  Britain,  vol.  ii.,  pp.  147-150 ;  1897. 
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strips  of  the  countiy-rock,  the  total  width  bemg  about  six  feet. 
In  this  case  the  continuity,  if  it  exists,  cannot  be  traced.  Almost 
all  cases  of  bifurcation  and  branching  of  dykes  which  we  have  seen 
have  been  in  connection  with  dying  out.  Other  irregularities, 
such  as  changes  of  direction,  width,  and  shade,  often  occur  near  the 
terminations  of  dykes. 

Some  of  the  more  obvious  petrographical  characters  of  the  basic 
dykes  as  seen  in  the  field  will  be  more  conveniently  noticed  here 
than  under  the  heads  of  the  several  groups. 

One  such  point  is  the  occurrence  of  amygdules^  which  are 
not  uncommon  in  certain  types  of  dykes,  chiefly  those  con- 
sisting of  the  finer-textured  rocks.  It  is  to  be  noted,  as 
compared  with  the  amygdules  in  the  lavas,  that  those  in 
the  dykes  are  usually  considerably  smaller  and  also  more 
regularly  spherical,  only  occasionally  showing  any  very  noticeable 
elongation  in  the  direction  of  flow.  As  a  rule,  too,  they 
occupy  collectively  a  much  smaller  proportion  of  the  total  volume. 
Mr  Clough  has  remarked  an  exceptional  case.  ''In  a  basaltic 
dyke,  about  three  feet  thick,  a  little  above  the  road  in  Allt  Bealach 
na  Coise  (S.  W.  of  Isle  Omsay),  the  central  half  is  extremely  full  of 
amygdules.  Perhaps  they  constitute  half  the  mass  of  the  i*ock. 
Many  of  these  amygdules  are  notably  difierent  from  those  in  most  of 
the  basaltic  dykes,  being  of  very  irregular  shape  and  repeatedly 
branched,  and  sometimes  as  much  as  three  or  four  inches  long." 
The  same  observer  remarks  that  dykes  with  amygdules  elongated 
parallel  to  the  walls  are  decidedly  more  common  in  the  Isle  of 
Soay  than  in  other  parts  of  our  area. 

Sir  Archibald  Geikie*  has  drawn  attention  to  some  of  these 
points,  and  has  further  remarked  what  is  a  very  characteristic 
feature  of  the  amygdules,  viz.  that  they  are  not  uniformly  distributed 
through  the  width  of  the  dyke.  Very  often  they  are  absent  from 
the  marginal  parts  and  clustered  chiefly  along  a  central  band ;  or 
there  may  be  narrow  bands  containing  amygdules  on  both  sides  of 
the  central  one.  The  largest  amygdules  occur  towards  the  centre 
of  the  dyke. 

The  amygdules  are  seldom  empty.  Their  contents  are  usually 
such  as  may  be  regarded  as  alteration-products  of  the  minerals 
conposing  the  dyke,  and  there  is  more  variety  here  than  in  the 
amygdules  of  the  basaltic  lavas. 

Many  of  the  dykes  have  features  indicative  o(  flmuiiig  movement. 
The  most  obvious  are  the  orientation  of  the  felspar  phenocrysts 
in  porphyritic  dykes,  the  elongation  of  amygdules  in  a  common 
direction  (which,  as  just  remarked,  is  not  very  often  seen),  and 
various  kinds  of  banding  depending  on  the  distribution  of  pheno- 
crysts, amygdules,  xenoliths,  etc.  Mr  Clough  writes:  "In  all 
portions  of  the  basic  dykes  the  phenocrysts  usually  have  their  long 
axes  in  planes  parallel  to  the  adjacent  side.     A  clear  instance  of 

*  Trans,  Roy,  Soc,  Edin,,  vol.  xxxv.,  p.  38;  1888:  Aneieni  Volcanoes  of 
Great  Britain,  vol.  ii.,  pp.  129,  130 ;  IBv^, 
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this  parallelism  is  seen  at  the  N.E.  side  of  a  broad  dyke  on  the 
coast  S.S.E.  of  Tarskavaig  Free  Church:  in  one  place  the  side 
bends  at  an  angle  of  about  45°  and  the  long  axes  of  the  felspar 
phenocrysts  change  direction  also,  so  as  to  keep  parallel  to  the 
side.  At  the  side  of  another  dyke  about  a  quarter  of  a  mile  N.E. 
of  Ardnameacan,  there  are  a  great  number  of  thin  tabular  crystals, 
hardly  -pj-^-  inch  thick,  of  felspar,  and  nearly  all  these  have  their 
broad  sides  parallel  to  the  sides  of  the  dyke.  Within  the  basic 
dykes  it  is  also  commonly  found  that  there  are  certain  bands 
approximately  parallel  to  the  dyke  side  which  contain  amygdules 
and  phenocrysts  in  special  abundance.  The  amygdules  in  the 
bands  nearest  the  side  are  of  much  smaller  dimensions  than  those 
farther  off.  The  phenocrysts,  on  the  other  hand,  are  often  quite  as 
large  close  to  the  side  as  in  the  middle.  A  well-marked  alternation 
of  bands,  some  crowded  with  and  others  almost  destitute  of  felspar 
phenocrysts,  is  found  in  a  few  cases."  In  some  of  the  fingr-textured 
rocks  a  microscopic  examination  sometimes  shows  a  partial 
parallelism  of  the  little  elongated  felspars  of  the  rock  which  is 
an  indication  of  flowing  movement  prolonged  to  a  somewhat  later 
stage. 

Very  many  of  the  basic  dykes,  and  more  especially  those  of  small 
or  moderate  breadth,  show  some  degree  of  marginal  Tnodijlcation  in 
texture,  structure,  etc.,  in  consequence  of  the  more  rapid  cooling  of 
the  edge  as  compared  with  the  interior  parts  of  the  dyke.  Even 
in  dykes  of  moderate  dimensions,  however,  this  is  by  no  means 
universal,  and  it  is  easy  to  understand  that  the  chilling  depends 
upon  a  number  of  variable  factors  ;  the  distance  from  the  source  of 
the  intruded  magma,  prolonged  flow  of  molten  matter  through  the 
dyke-fissure,  the  specific  thermal  conductivity  of  the  rock  bounding 
the  dyke,  its  temperature  prior  to  the  intrusion,  etc. 

The  extreme  result  of  rapid  chilling,  viz.  a  vitreous  selvage,  is  not 
a  common  phenomenon ;  the  petrographical  characters  of  these 
selvages  of  basalt-glass  will  be  discussed  in  a  separate  chapter. 
Much  more  often  we  find  merely  a  progressive  change  of  texture, 
in  the  sense  of  its  becoming  finer,  towards  the  edge  of  the  dyke, 
and  perhaps  a  change  also  in  micro-structure ;  sometimes  the 
appearance  of  a  small  amount  of  interstitial  glassy  matter  in  the 
margin  of  the  dyke.  Again  the  marginal  parts  of  a  dyke  may 
differ  from  the  interior  in  the  absence  of  amygdules  or  of  porphyr- 
itic  crystals,  or  in  other  ways  as  already  intimated. 

The  smallest  dykes,  less  than  a  foot  in  width,  often  show  a 
uniform  fine  texture  throughout,  indicative,  as  we  must  suppose,  of 
a  relatively  rapid  cooling  of  the  whole.  This  is  especially  well  seen 
in  many  of  the  small  dykes  cutting  the  gabbro  ;  and  in  this  case 
the  dj^ke  seems  to  be  firmly  welded  on  to  the  gabbro  in  contact 
with  it,  so  that  it  does  not  break  away  from  it  under  the 
hammer. 

Apart  from  modifications  of  a  marginal  kind,  the  rock  of  a  dyke 
is  commonly  uniform  throughout.  An}i3hing  in  the  nature  of 
segregation-veins  is  found  only  very  exceptionally.      A  few  cases 
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have  been  observed,  the  segregations  being  in  the  form  of  irregular 
streaks,  elongated  but  discontmnons,  of  coarser  texture  and  lighter 
colour  than  the  general  body  of  the  dyke.  This  difference  is  due  to 
a  higher  proportion  of  the  felpathic  relatively  to  the  ferro- 
magnesian  constituents.  In  an  example  from  the  northern  ridge 
of  Beinn  Suardal  the  dyke-rock  gave  the  specific  gravity  2*92, 
the  veins  only  2'67. 

To  be  distinguished  from  these  inconstant  and  irregular 
**  segregation-veins "  are  the  true  veins  or  narrow  strings 
occasionally  seen  in  a  dyke,  which  clearly  cut  the  general  mass 
of  the  dyke,  so  that  they  must  be  regarded  as  distinct  and 
later  injections.  The  phenomenon  is  not  a  common  one.  Mr 
Clough  has  noted  one  or  two  cases.  **In  a  broad  dolerite  dyke 
with  felspar  phenocrysts,  about  a  third  of  a  mile  slightly  N.  of  E. 
of  the  head  of  Loch  Ghlinne  (in  one-inch  map  61),  there  are  many 
thin  strings,  from  a  quarter  to  one  inch  thick,  which  keep  parallel 
to  the  sides.  These  strings  also  contain  felspar  phenocrysts,  but 
their  margins  are  distinctly  chilled.  In  a  basaltic  dyke  rather 
more  than  half  a  mile  N.W.  of  the  head  of  Loch  Eishort  a  number 
of  finer  strings,  about  an  inch  thick,  were  observed,  which  had  no 
special  joints  confined  to  themselves." 

Very  many  of  the  basic  dykes  are  traversed  by  joints,  which  are 
evidently  of  the  nature  of  shrinkage-joints,  due  to  the  contraction 
of  the  rock  in  cooling.  By  far  the  most  common  type  of  regular 
jointing  is  the  columnar  or  prismatic,  the  rock  being  broken  into 
rude,  or  sometimes  into  rather  regular,  columns  perpendicular  to 
the  walls  of  the  dyke.  The  joints  are  best  developed  at  the 
margins,  but  in  small  dykes  they  extend  through  the  whole  width. 
Columnar  jointing  with  any  approach  to  regular  arrangement  is 
usually  confined  to  dykes  consisting  of  fine-textured  rocks,  and 
the  joints  may  then  occur  rather  closely,  so  that  the  individual 
columns  are  sometimes  not  more  than  an  inch  in  diameter.  They, 
may  be  less,  especially  in  very  compact  selvages;  and  the  thin 
glassy  crust  found  at  the  extreme  margin  of  some  dykes  may,  as 
Professors  Judd  and  Cole  have  shown,  exhibit  columnar  jointing 
on  a  microscopic  scale. 

More  rarely  the  dykes  have  a  platy  structure  due  to  plane  joints 
parallel  to  the  bounding  walls.  This  feature,  exceptional  in  the 
basic  dykes,  is  found  more  frequently  in  some  other  groups  in  the 
district.  In  some  instances  it  is  connected  with  a  flow-structure 
in  the  dyke-rock. 

In  Skye,  as  in  most  other  regions,  it  is  found  that  the  dykes  do 
not,  as  a  rule,  produce  any  very  noteworthy  metamorphism  in  the 
rocks  which  they  traverse.  Conspicuous  exceptions  to  this  rule  are 
few :  they  are  found  where  the  dykes  occur  in  great  profusion, 
and  .  the  country-rock  is  one  specially  susceptible  to  thermal 
metamorphism.  The  most  interesting  case  observed  is  on  the 
east  shore  of  Camas  Fhionnairidh,  an  inlet  of  Loch  Scavaig,  at 
about  700  or  800  yards  from  Camasunary  farm-house.      Here  a 
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large  number  of  dykes  occur  in  close  succession,  and  the  earthy 
limestones  of  the  Lias,  exposed  on  the  shore,  are  highly  altered. 
They  contain  large  aggregates  of  lime-bearing  silicate-minerals, 
including  good  crystals  of  diopside  of  considerable  dimensions, 
forming  nodular  masses.* 

Although  any  important  metamorphism  in  the  sense  of  the  pro- 
duction of  new  minerals  is  only  exceptionally  found  in  the  rocks 
bordering  our  basic  dykes,  minor  alterations,  such  as  the  production 
of  platy  jointing  in  shales,  the  marmorisation  of  limestones,  and 
especially  the  decoloration  (by  partial  deoxidation)  of  red  sand- 
stones, are  observed  much  more  widely.  On  these  points  Mr 
Clough  has  furnished  the  following  notes.  The  case  of  the  Ord 
limestones  is  interesting  in  connection  with  what  has  been  said 
above  of  the  Strath  marbles,  near  the  plutonic  intrusions,  but  no 
close  examination  of  the  rocks  has  been  made. 

"The  contact-metamorphism  in  the  neighbourhood  of  the  dykes 
is  not  usually  great.  About  a  quarter  of  a  mile  W.S.W.  of  the  N. 
end  of  Loch  an  lasgaich  a  band  of  shale  in  the  Kinloch  Torridonian 
series  is  crossed  by  close  joints,  not  more  than  J  inch  apart,  for 
rather  more  than  a  foot  off  the  side  of  a  thin  dyke.  The  joints 
hade  steeply  N.E.  parallel  to  the  side  of  the  dyke :  they  do  not 
extend  into  some  pebbly  grits  which  are  equally  near  the  side. 

"  The  reddish  colour  of  the  Torridonian  arkoses  and  grits  is 
generally  converted  into  a  dirty  grey,  l^his  red  colour  is  largely 
due  to  clastic  grains  of  felspar,  and  in  the  altered  beds  these  grains 
are  of  a  grey  colour.  The  change  of  colour  extends  eight  or  nine 
yards  off  the  sides  of  some  of  the  dykes,  and  is  seen  well  on 
the  coast  N.  of  Tarskavaig  Point  and  between  Ob  Gauscavaig  and 
Inver  Aulavaig. 

"The  reddish  colour  in  the  Tarskavaig  Moine  schists,  which 
have  been  stained  with  an  Indian  red  colour  near  the  conglomerate 
at  the  base  of  the  Secondary  rocks,  is  also  changed  into  grey  near 
a  large  intrusive  sill  near  the  base  of  the  conglomerate.  The 
felspar  pebbles  in  the  schistose  grits  are  generallj'^  of  a  red  colour, 
but  near  the  sill  they  all  become  dirty  grey.  The  quartz  veins  in 
the  same  schists  become  crossed  by  many  thin  short  cracks  or 
joints  running  in  different  directions.  Some  of  the  veins  have  also 
a  peculiar  pale  amethystine  colour.  The  foliation  planes  of  the 
schists  also  lose  their  lustre  to  a  large  extent  in  the  neighbourhood 
of  intrusions,  so  that  it  is  difficult  to  distinguish  the  phyllites  from 
Torridonian  shales.  This  is  particularly  noticeable  in  Gillo^n  Bum, 
and  on  the  N.  side  of  this  burn  near  the  E.  boundary  of  the 
schists. 

"The  greenish  epidotic  grits  at  the  base  of  the  Torridonian 
system  are  often  changed  into  black  or  dark  grey  rocks  for  several 
feet  off  dykes.  The  change  is  seen  near  basaltic  dykes  in  the 
following  places  : — in  a  bum  250  yards  N.N.E.  of  the  foot  of  Allt 

♦  Heddle  records  the  occurrence  of  idocrase  at  the  junction  of  a  dyke  with 
a  calcareous  rock,  1^  mile  from  Broadford,  on  the  road  to  Kilbride. 
Mineralogy  of  Scotlani,  vol.  ii.,  p.  63;  1901. 
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Doire  Daraich ;  near  the  foot  of  Allt  Thuill ;  two-thirds  of  a  mile 
W.S.W.  of  the  foot  of  this  bum ;  and  about  700  yards  W.S.W.  of 
Rudha  Quail. 

''The  green  chloritic  schists  in  the  Lewisian  gneiss  series  are 
also  often  rendered  dark  grey  or  black  and  hardened  near  dykes. 
This  is  seen  rather  more  than  half  a  mile  S.W.  of  Cnoc  a'  Chaise 
Mdr,  on  the  shore  S.  of  Kilmore  Church,  and  in  the  bay  N.W.  of 
Bogha  Charslice. 

"The  limestone  veins  which  penetrate  the  Torridonian  rocks 
near  the  Secondary  conglomerate  about  two-thirds  of  a  mile 
N.N.E.  of  Tarskavaig  Point  are  rendered  saccharoid  near  some 
dykes.  One  specimen  of  the  altered  limestone  gave  a  specific 
gravity  of  2'68. 

"  In  the  bum  about  1500  yards  slightly  S.  of  W.  of  Ord  a  dyke 
goes  through  Cambrian  limestones  belonging  to  the  Ghrudaidh 
and  Eilean  Dubh  divisions,  and  alters  them  considerably  for  a 
breadth  of  about  four  feet.  Tlie  Ghrudaidh  limestone  loses  its  leaden 
colour  and  granular  aspect  and  becomes  a  white  compact  rock  with 
black  streaks.  A  specimen  of  the  unaltered  rock  gave  a  specific 
gravity  of  2*825,  while  an  altered  specimen  taken  on  the  same  strike 
and  about  two  feet  and  a  half  ofi*  the  dyke  has  a  specific  gravity  of 
only  2*709.  The  change  in  the  Eilean  Dubh  limestone  is  less 
marked,  as  this  limestone  is  of  a  creamy  colour  when  unaltered. 
The  colour  of  the  altered  rock  becomes,  however,  a  purer  white 
and  is  varied  with  greenish  strings  composed  of  some  soft 
substance.  A  specimen  of  the  unaltered  limestone  has  a  specific 
gravity  of  2*83,  while  one  of  the  altered  limestone  on  the  same 
strike  gave  the  figure  2*64. 

"  Much  of  the  limestone  near  Ben  Suardal  is  too  much  altered  by 
granitic  intrusions  to  allow  a  special  alteration  near  the  dykes  to 
be  discerned.  We  often  see,  however,  a  prominent  set  of  nearly 
vertical  joints  parallel  to  the  dykes.  Such  joints  are  conspicuous 
in  the  limestone  scars  a  little  N.  of  the  top  of  Ben  Suardal,  and  as 
seen  from  the  road  in  Strath  Suardal  they  might  be  mistaken  for 
bedding.  Similar  joints,  sometimes  three  or  four  in  the  breadth  of 
a  yard,  are  well  seen  a  little  N.W.  of  Loch  Lonachan."  (C.  T.  C.) 
In  some  localities  near  Torran,  again,  where  dykes  are  especially 
numerous,  they  have  perhaps  given  rise  to  some  further  change  in 
Cambrian  limestones  already  metamorphosed  by  the  granite ;  but 
this,  in  the  nature  of  the  case,  is  very  difficult  to  verify. 

Some  of  the  dykes  have  produced  certain  metamorphic  efiects, 
small  in  degree  and  in  extent,  in  the  amygdaloidal  basalts ;  but 
this  is  usually  a  mere  induration  without  any  evident  production  of 
definite  new  minerals.  For  example,  some  hundred  yards  beyond 
Carbost  Pier  a  dyke  stands  up  in  prominent  relief  on  the  rocky 
shore  of  Loch  Harport.  Adhering  to  each  face  of  it  is  a  band  a  few 
inches  wide  of  amygdaloidal  basalt  which  is  haid  enough  to  behave 
under  erosion  as  if  it  were  part  of  the  dyke.  A  thin  slice, 
however,  does  not  reveal  any  characteristic  mineral  of  thermal 
metamorphism  [9805]. 
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In  the  gabbro,  the  granite,  and  the  basic  sills  again  we  have 
found  little  indication  of  any  change  due  to  the  dykes  which 
traverse  them.  The  sills,  and  also  earlier  basic  dykes  cut  by  later 
ones,  not  infrequently  exhibit  a  certain  development  of  epidote, 
which  is  perhaps  to  be  ascribed  to  this  cause.  Thus  Mr  Clough 
has  noted,  about  250  yards  N.E.  of  the  summit  of  Ben  Suardal, 
near  Broadford,  an  irregular  sheet  of  coarse  dolerite  with  enclosed 
xenoliths  of  granophyre,  both  the  sheet  and  its  xenoliths  showing 
epidotisation. 

Most  of  the  basic  dykes  are  in  a  very  fairly  fresh  condition,  even 
so  susceptible  a  mineral  as  olivine  showing  in  the  majority  of 
cases  but  little  indication  of  chemical  change.  This  is  probably 
due  less  to  the  comparatively  late  geological  date  of  the  intrusions 
than  to  the  scouring  effect  of  ice,  which  has  removed  very  generally 
those  superficial  portions  of  the  rocks  which  had  been  decomposed 
by  pre-Glacial  weathering.  Nevertheless,  there  are  abundant 
instances  of  dykes  exhibiting  the  effects  of  atmospheric  decompos- 
ition, and  Mr  Clough's  observations  prove  that  some  part  of  this 
is  post-Glacial.  Writing  of  the  south-eastern  part  of  the  island, 
surveyed  by  him,  he  says: — 

"  There  is  evidence  that  some  dykes  which  are  now  in  a  very 
soft  and  readily  disintegrated  condition  have  during  the  Glacial 
period  formed  ridges.  If  the  boulder-clay  at  their  sides  could  be 
cleared  away,  these  dykes  would  appear  as  ridges  projecting  more 
or  less  conspicuously  over  the  surrounding  rocks,  but  it  is  evident 
that  in  their  present  soft  condition  they  could  not  long  continue 
as  ridges.  It  is  still  less  likely  that  in  the  boulder-clay  period 
rocks  in  such  a  condition  could  resist  the  strong  denuding  ii^uences 
at  work.  Consequently  the  decomposition  of  these  rocks  must  be 
held  to  be  comparatively  recent — at  all  events  post-boulder-clay. 
The  evidence  referred  to  was  observed  in  sections  at  the  sides  of 
new  roads  in  the  following  places: — about  150  yards  N.E.  of  Loch 
Gauscavaig,  nearly  half  a  mile  slightly  S.  of  E.  of  Tarskavaig  Free 
Church,  and  rather  more  than  a  third  of  a  mile  E.S.E.  of  Tormore 
(near  Armadale).  In  the  first  locality  the  junction  between  the 
bouldei^clay  and  the  N.E.  side  of  the  dyke  is  vertical  for  at  least 
three  feet.  In  all  the  sections  there  are  indications  of  a  thin 
deposit  lying  over  the  boulder-clay  and  composed  in  the  main  of 
portions  of  disintegi^ated  dyke  rock.  In  the  second  locality  a 
similar  deposit,  four  or  five  feet  thick,  appears  to  occur  in  situ 
below  a  portion  of  the  boulder-clay.  The  boulder-clays  in  all  the 
localities  are  of  the  common  stiff  stony  character." 

The  progress  of  chemical  decomposition  in  a  dyke  has  in  most 
cases  been  directed  by  the  joint-fissures  which  traverse  the  rock. 
In  certain  types  of  dykes  there  has  resulted  from  this  a  division  of 
the  rock  into  rude  spheroids,  a  few  inches  in  diameter,  with  sound 
interior  and  decomposed  exfoliating  crust.  On  the  other  hand, 
there  are  cases  in  which  decomposition  seems  to  have  affected  most 
readily  the  rock  in  the  interspaces  between  an  irregular  system  of 
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joints.  Some  of  Mr  Clough's  observations  in  the  Sleat  district  fall 
apparently  imder  this  head.  He  says: — *'  Some  of  the  decomposed 
dolerite  dykes  contain  thin  cross-jointed  strings  of  sounder  hard 
rock,  varying  in  width  from  two  to  six  inches.  The  strings  have 
no  general  direction  nor  chilled  margins,  and  in  sections  at  right 
angles  to  the  dyke  direction  they  sometimes  form  a  polygonal 
network,  the  meshes  in  which  are  filled  with  more  decomposed 
rock.  On  the  roadside  two-thirds  of  a  mile  S.  of  Dun  Scaich  (near 
Tokavaig)  some  of  the  meshes  are  three  or  four  feet  long:  many  of 
the  strings  have  median  sutures  and  remind  us  of  the  'sheaths'  in 
tachylyte,  to  be  described  in  another  place  (p.  336).  They  sometimes 
pass  gradually  into  the  decomposed  rock,  and  we  could  not  discern 
by  microscopic  examination  that  the  constituents  of  the  two  rocks 
difiered  in  character.  About  700  yards  S.W.  of  Ob  Gauscavaig  an 
olivine-dolerite  dyke  which  weathers  into  huge  irregular  blocks, 
and  is  for  the  most  part  in  a  very  soft  decompSsed  condition,  con- 
tains  a  few  scattered  strings  of  harder  rock  which  seem  also 
composed  of  olivine-dolerite.  The  strings  have  no  general  direction 
nor  chilled  margins,  and  they  are  perhaps  allied  in  character  to 
those  in  the  dyke  near  Dun  Scaich." 

The  behaviour  of  the  dykes  as  contributing  to  the  details  of 
superficial  relief  of  the  country  is,  of  course,  determined  by  the 
joint  effects  of  chemical  and  mechanical  destruction,  or  more 
accurately  by  their  difierential  efiects  as  between  the  dykes  and 
the  country-rock.  According  as  a  dyke  is  more  or  less  durable 
than  the  encasing  rocks,  it  tends  to  form  a  prominent /eo^ure  or 
ridge  on  the  one  hand  or  a  trench  or  depression  on  the  other. 

On  the  floor  of  any  of  the  glaciated  corries  of  the  Cuillins  the 
gabbro  and  the  dykes  which  intersect  it,  both  in  a  perfectly  fresh 
state,  make  up  together  a  single  smooth  surface.  There  has  been 
no  difierential  weathering,  because  there  has  been  no  appreciable 
weathering  at  all  since  the  glaciation.  On  the  slopes  above,  the 
dykes  often  occasion  guUeys,  and  on  the  mountain-ridges  they  some- 
times give  rise  to  deep  notches.  The  weathering  of  the  dyke  in 
the  latter  case  is  not  in  general  connected  with  any  considerable 
chemical  decomposition,  but  results  from  splintering  by  frost.  The 
dykes,  and  notably  the  multiple  dykes  which  cut  the  basaltic  lavas 
and  intercalated  sills,  are  very  often  marked  by  trenches  and 
gulleys,  sometimes  deep  ravines,  and  the  courses  of  the  streams 
have  very  frequently  been  determined  by  the  dykes.  On  the  other 
hand,  the  dykes  so  numerous  in  the  limestone  district  stand  out  in 
relief,  often  foiming  very  regular  walls  two  or  three  feet  high.  The 
same  thing  is  seen  in  a  less  marked  degree  in  the  granite  area,  and 
sometimes  in  the  Liassic  strata,  e,g,  in  some  parts  of  the  coast 
sections.  Concerning  the  older  rocks  of  the  Sleat  district,  Mr 
Clough  writes  as  follows  :— 

"  Most  of  the  dykes  are  easy  to  trace  by  their  features.  In  the 
Torridonian  and  Moine  rocks  only  a  few  dykes  make  scars  or 
ridges :  m^ost  of  them  make  either  little  trench-like  hollows  which 
often  cross  contour  lines  for  considerable  distances,  or  else  smooth 
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narrow  teiTaces  which  keep  neai'ly  parallel  to  the  contour  lines  and 
are  bounded  on  the  high  side  by  a  cliff  of  the  country-rock.  A 
great  many  of  the  bums  in  the  district  run  along  dykes,  and  have 
worn  deep  narrow  channels— some  almost  impassible— along 
them.  The  dykes  which  form  hollows  and  terraces  have  no  doubt 
been  more  readily  decomposed  and  denuded  than  the  country-rocks 
at  their  sides.  In  some  of  the  soft  granulitic  and  chloritic  rocks 
belonging  to  the  Lewisian  gneiss  series  on  the  S.E.  side  of  the 
Moine  thrust  the  dykes  make  scars  or  ridges  much  more  frequently 
than  in  the  harder  rocks,  whether  these  be  Torridonian  or  Moine 
rocks  or  hard  mylonitised  gneisses.  This  is  very  well  shown  by  com- 
paring the  dyke  features  in  the  area  between  the  head  branches  of 
A  lit  a'  Cham-aird  with  those  made  by  the  same  set  of  dykes  a 
little  further  N.W.,  where  they  pass  through  mylonitised  gneiss  and 
Torridonian  rocks." 
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CHAPTER  XVIII. 
Basic  Dykes:  General  Petrography. 

Our  petrographical  account  of  the  basic  dykes  of  Skye  will  be 
based  on  the  examination  of  hand-specimens  (including  determ- 
inations of  specific  gravity)  and  microscopical  preparations. 
Knowledge  of  the  chemical  composition  of  the  dykes  is  limited  at 
present  to  four  analyses :  one  (of  a  tachlytic  selvage)  quoted  from 
Dr  Heddle;  another  made  for  this  memoir  by  Dr  Pollard;  and 
two  by  Mr  T.  Baker,  communicated  by  Professor  Lebour.  Possibly 
more  data  from  the  chemical  side  might  assist  materially  in  classi- 
fying the  rocks  and  ultimately  in  establishing  their  mutual  relations 
to  one  another  and  to  other  basic  intrusions  in  the  form  of  sills  and 
sheets. 

The  chief  difficulty  in  the  way  of  dividing  the  basic  dykes  into 
distinct  groups  belonging  to  different  epochs  arises  from  the  fact 
that  certain  petrographical  types,  and  these  among  the  commonest, 
have  recurred  at  more  than  one  epoch.  It  is  easy  to  show,  for 
instance,  that  certain  dykes  ai*e  cut  off  by  the  granite,  while  others 
cut  that  rock ;  but  some  of  the  former  are  indistinguishable  litho- 
logically  from  some  of  the  latter  in  the  field,  and  offer  no  certain 
criteria  for  discrimination  even  on  a  microscopic  examination. 
Hence  in  places  not  near  the  granite,  and  where  no  other  suffi- 
cient test  is  applicable,  it  is  often  impossible  to  separate  pre-granitic 
from  post-granitic  dykes.  Such  difficulties  arise  especially  in  the 
case  of  the  non-porphyritic  dolerites,  rocks  which  are  extremely 
common  and  widely  distributed.  The  presence  or  absence  of 
olivine,  except  in  certain  types  where  the  mineral  is  very  abundant, 
does  not  seem  to  be  a  character  of  much  diagnostic  value :  many  of 
the  rocks  hover  on  the  line  between  "  olivine-bearing "  and 
"  olivine-free." 

The  principal  criteria  for  determining  the  relative  ages  of  the 
dykes  are  their  direct  relations  to  one  another  where  they  come 
into  juxtaposition,  their  relations  to  other  igneous  rocks  of  Tertiary 
age  in  the  neighbourhood,  and  their  relation  to  faults  and  other 
tectonic  features  of  the  district  where  they  occur.  Owing  to  the 
very  general  parallelism  of  direction  of  dykes  of  all  ages  in  the 
coimtry,  actual  intersections  of  one  dyke  by  another  are  by  no 
means  often  seen.*  When  two  or  more  different  dykes  run  side  by 
side,  so  as  to  constitute  what  we  have  called  a  double  or  a 
multiple  dyke,  the  nature  of  the  contacts  will  sometimes  afford  a 

*  Certain  groups  of  dykes  in  the  Guillin  district  must  be  excepted  from 
this  statement  for  reasons  already  explained. 
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clue  to  the  relative  ages  of  the  several  members ;  but  such  indi- 
cations, from  chilled  margins,  etc.,  are  not  always  free  from 
ambiguity. 

The  principal  igneous  intrusions,  other  than  dykes,  which  serve 
as  standards  of  reference,  and  afford  where  they  occur  a  relative 
scale  of  time,  are : — 

(i.)  the  gabbros. 


(ii.)  the  granites, 
(iii.) 


the  basic  sills  of  the  great  group, 
(iv.)  the  "inclined  sheets"  of  basic  rocks,  intersecting 
the  gabbro  of  the  Cuillins,  to  be  described  in 
Chapter  XXI. 

Of  these  the  third  have  the  most  extended  distribution.  It  is  to  be 
remarked,  however,  that  there  are  no  dykes  referable  to  the  brief 
interval  between  the  gabbros  and  the  granites,  and  none  are  certainly 
known  (with  the  probable  exception  of  certain  composite  dykes) 
intervening  between  the  gi'anites  and  the  great  group  of  sills. 
Practically,  therefore,  the  first  three  standard  groups  mentioned 
only  enable  us  (where  they  are  represented)  to  distinguish  the 
dykes  belonging  to  the  volcanic  phase  of  activity  from  those 
belonging  to  the  phase  of  minor  intinisions.  To  the  former 
category  belong  the  dyke-feeders  of  the  fissure-eruptions ;  to  the 
latter  (apart  fi-om  possible  feeders  of  the  basic  sills)  belong  the 
majority  of  the  dykes  of  the  region,  in  general  constituting  inde- 
pendent intrusive  bodies.  Of  these  latter,  the  greater  part  are 
older  than  the  inclined  sheets  included  under  (iv.),  but  some  are 
younger. 

The  value  of  the  four  sets  of  intrusions  just  enumerated  for  our 
present  pui^pose  lies  in  the  fact  that  the  members  of  each  set  con- 
stitute a  natural  group  belonging  to  one  epoch.  It  is  nevertheless 
necessary  to  remember  that  the  members  of  such  a  group  are  not  in 
the  strict  sense  contemporaneous  with  another.  Thus  the  fact  that 
a  given  dyke  is  seen  to  cut  one  or  more  of  the  basic  sills  is  not  in 
itself  sufficient  to  prove  that  the  dyke  is  younger  than  the  sill- 
epoch  :  it  may  be  the  feeder  of  a  somewhat  later  sill  at  a  higher 
level.  A  like  remark  applies  to  the  inclined  sheets,  and  also  to  the 
basic  lavas. 

One  of  the  strongest  reasons  for  considering  the  majority  of  the 
dykes  younger  than  the  basic  sills  is  derived  from  the  relation  of 
these  various  intrusions  to  faults.  It  appears  that  the  faults  of 
Tertiary  age  in  the  island  constantly  affect  the  sills.  On  the  other 
hand,  few  of  the  dykes  are  displaced  or  crushed  by  faults,  and  some 
of  them  have  followed  pre-existing  fault-planes.  In  so  far  as  the 
faulting  can  be  referred  to  a  definite  epoch,  this  reasoning  applies 
to  dykes  even  at  a  distance  from  any  basic  sills.  Allowance  must 
of  course  be  made  for  the  fact  that  a  small  fault  with  nearly  vertical 
displacement  would  occasion  but  little  visible  disturbance  of  a 
nearly  vertical  dyke. 
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In  the  basaltic  country  the  general  uniformity  of  litbological 
characters  among  the  lavas,  and  also  among  the  sills,  makes 
faulting  often  difficult  to  verify.  In  the  Broadford  district  and  in 
Sleat,  where  the  stratified  formations  afford  well-marked  geological 
horizons,  the  case  is  different.  Mr  Clough  writes : — "  Most  of  the 
faults  in  the  district  appear  to  be  older  than  the  dykes ;  but  the 
directions  of  many  of  them  are  not  noticeably  different  from  the 
general  direction  of  the  dykes,  and  so  the  existence  of  these  has  not 
tended  to  divert  the  dykes  out  of  their  oixlinary  paths.  Many  of  the 
N.W.  and  N.N.W.  dykes  occur  along  faults  which  effect  consider^ 
able  displacements  in  the  rocks  at  their  sides.  This  is  particularly 
noticeable  along  the  junctions  of  the  Secondary  and  Torridonian 
rocks,  and  of  the  Applecross  and  Kinloch  divisions  of  these  latter 
rocks.  But  both  near  these  junctions  and  elsewhere  it  is  quite  rare 
to  find  dykes  which  are  themselves  crushed  or  faulted.  It  is  perhaps 
desirable  to  mention  a  few  exceptional  instances.  Bather  more  than 
three-quarters  of  a  mile  N.E.  of  Kinloch  a  N.E.  fitult  breaks  through 
a  N.W.  dyke  and  displaces  it  slightly :  in  the  line  of  fault  there  is 
in  one  place  another  uncrushed  dyke.  About  a  mile  slightly  W.  of 
N.  of  Kinloch  a  dyke  running  slightly  W.  of  N,  is  partly  crushed 
in  a  line  parallel  to  its  sides :  the  dyke  is  in  a  line  of  fault  with 
considerable  displacement,  and  in  view  of  its  somewhat  unusual 
direction  it  appears  probable  that  prior  to  the  intrusion  of  the  dyke 
there  was  a  crush-band  along  this  line  of  which  the  dyke  took 
advantage.  On  the  coast  rather  more  than  a  quarter  of  a  mile  N.E. 
of  Armadale  Castle  a  N.N.W.  dyke  is  much  crushed  and  slicken- 
sided  along  various  lines,  some  of  which  are  nearly  horizontal." 

As  already  stated,  w^e  have  not  found  that  the  hade  of  the  dykes 
gives  any  trustworthy  information  as  to  whether  they  are  older  or 
younger  than  the  tilting  of  the  plateaux.  The  earliest  dykes — 
those  at  least  which  were  contemporaneous  >vith  the  lavas — have 
presumably  shared  in  the  tilting ;  but  the  fact  that  some  dykes 
with  marked  hade  are  certainly  later  than  some  which  are  vertical 
shows  that  some  other  &ctor  has  to  be  reckoned  with. 

In  so  far  as  the  dykes  can  be  divided  into  natural  groups  with 
distinctive  petrographical  characters,  such  that  the  members  of  the 
same  group  can  be  referred  confidently  to  the  same  epoch,  we  ai'e 
justified  in  collating  the  evidence  derived  from  different  members 
of  such  a  group  to  deduce  the  relative  age  of  the  group  as  a  whole. 
If,  for  instance,  certain  dykes  in  one  place  are  demonstrably  later 
than  the  basic  sills,  and  other  dykes  of  the  same  group  in  another 
place  demonstrably  earlier  than  the  "  inclined  sheets,"  we  may  infer 
that  the  group  belongs  to  some  part  of  the  interval  between  the 
epoch  of  the  basic  sills  and  the  epoch  of  the  inclined  sheets.  The 
application  of  such  reasoning  is,  however,  limited  in  important 
cases  by  the  impracticability  of  discriminating  petrographically 
groups  which  belong  to  different  epochs. 

Although,  for  reasons  sufficiently  set  forth,  we  cannot  in  our 
petrographical  description  of  the  basic  dykes  follow  a  chronological 
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order,  we  may  conveniently  take  first  those  which  belong 
demonstrably  to  an  early  epoch.  To  this  end  we  put  together  all 
the  dykes  which  are  clearly  seen  to  be  cut  ofi*  by  the  granite  intru- 
sions ;  a  considerable  number  of  these  have  been  examined,  more 
especially  in  the  district  between  Broadford  and  Torran.  Dykes 
of  the  same  general  type  are  found  in  many  other  places,  and  some 
of  these  doubtless  belong  to  the  same  epoch  ;  but  others  are  clearly 
younger,  and  we  accordingly  confine  ourselves  here  to  the  area 
specified,  i.e.  the  neighbourhood  of  the  eastern  Eed  Hills  and  espe- 
cially of  Beinn  an  Dubhaich. 

These  pre-granxtic  basic  dykes  are  decidedly  less  regular  in  their 
behaviour  than  the  generality  ^of  the  Skye  dykes.  They  depart 
more  frequently  from  the  normal  direction,  and  they  never  seem  to 
be  very  persistent,  often  dying  out  in  a  short  distance  or  leaping 
aside  to  resume  a  parallel  course  on  another  line.  A  noticeable 
hade  from  the  vertical  is  much  commoner  here  than  in  other  groups 
of  dykes.  The  width  is  usually  small,  though  in  some  instances  it 
reaches  20  feet  or  even  50  feet,  but  not  for  any  groat  distance. 
Chilled  edges  seem  to  be  characteristic  of  this  set  of  dykes,  though 
by  no  means  confined  to  them :  an  amygdaloidal  character,  on  the 
other  hand,  is  rare. 

Petrographically  almost  all  these  earlier  dykes  examined  fall 
under  one  general  head,  though  with  variations  in  coarseness  or 
fineness  of  texture,  which  are  related  to  the  size  of  the  dyke  and 
sometimes  also  to  the  distance  of  the  specimen  from  the  cooling 
surface.  The  rocks  may  be  named  diabase,  dolerite,  or  basalt 
according  to  texture,  but  the  micro-structure  is  usually  the  same 
for  all,  viz.  the  ophitic  or  occasionally  the  sub-ophitic.  Although 
we  have  no  chemical  analyses,  it  is  evident  that  the  rocks  are  of 
thoroughly  basic  composition.  The  specific  gravity  is  usually  more 
than  3,  ten  specimens  giving  a  mean  of  303.  These,  however, 
include  some  which  have  been  more  or  less  metamorphosed  by  the 
granite,  a  process  involving  a  slight  increase  of  density  in  cases 
where  it  has  been  tested.  There  are  certain  dykes  of  less  basic 
composition  than  the  rest  and  with  lower  specific  gravity.  Some 
of  these  are  apparently  normal,  but  others  have  been  modified  by 
taking  up  xenolithic  material,  in  a  manner  to  be  described  in  a 
later  chapter. 

The  ordinary  varieties  consist  of  labradorite,  augite,  and  mag- 
netite, with  a  little  apatite  but  not  olivine.  The  labradorite  varies 
somewhat  in  composition,  and  the  crystals  have  sometimes  zonary 
banding,  but  the  dominant  kind  gives  extinction-angles  up  to  about 
35°  in  symmetrically  cut  sections.  The  light  brown  ophitic  augite 
is  probably  rich  in  iron,  for  it  gives  rise  to  clotted  patches  of 
magnetite  when  it  becomes  chloritised.  Only  in  the  coarsest 
variety  of  rock  is  a  partial  diallagic  structure  found  [7061]. 
Original  magnetite  is  usually  rather  abundant  in  these  rocks,  and 
we  may  perhaps  infer  that  they  are  rich  in  iron-oxides,  but  not  in 
magnesia. 

The  metamorphism  of  the  early  basic  dykes  by  the  granite  is  well 
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observed  round  the  Beinn  an  Dubhaich  mass.  Interesting  examples 
of  this  change  may  be  seen  near  Kilchrist  Old  Manse,*  near  the 
Marble  Quarries,  beside  Allt  an  Inbhire,  and  at  other  places.  The 
metamorphism  is  specially  well  marked  where  portions  of  the  dykes 
have  become  detached  and  enveloped  in  the  granite :  this  may  be 
seen  near  the  shore  south  of  Torran,  as  noticed  by  Sir  A.  Geikie,t 
and  at  one  or  two  spots  in  the  valley  of  Allt  Leth  Slighe. 

The  general  character  of  the  transformation  is  much  like  what 
has  been  described  in  the  basic  lavas,  and  a  summary  account  will 
therefore  be  suflScient.  The  most  conspicuous  change  is  seen  in  the 
augite,  which  is  converted  usually  into  hornblende.  This  mineral 
is  often  in  patchy,  rather  fibrous  aggregates,  but  passes  finally  into 
crystal-grains  and  plates,  the  yellowish-green  colour  at  the  same  time 
becoming  deeper  and  browTier.  Some  part  of  the  hornblende  must 
come  from  chloritic  alteration-products  of  the  augite,  for  it  is  some- 
times found  in  little  veins  traversing  the  felspars,  t  In  the  vicinity 
of  the  magnetite  grains  brown  mica  often  takes  the  place  of  the 
hornblende.  The  felspar  of  the  rock  is  not  in  general  recrystallised, 
but  it  is  partly  freed  from  its  inclusions,  and  so  appears  clearer  and 
fresher.  Whether  the  opaque  iron-ore  is  to  any  extent  recrystallised 
it  is  not  easy  to  decide,  but  the  little  granules  seem  in  some  cases 
to  have  drawn  together  into  more  compact  grains.  In  hand- 
specimens  these  metamorphosed  dykes  are  dark,  dense,  crystalline 
rocks.  Three  specimens  gave  specific  gravities  3*02,  305,  3*08. 
An  exceptional  specimen  from  a  50-ft  dyke  on  the  south  side  of 
the  granite,  east  of  Allt  an  Inbhire,  gave  a  specific  gravity  2*86  ; 
but  this  has  evidently  had  its  composition  considerably  modified 
(prior  to  metamorphism)  by  taking  up  foreign  material :  it  encloses 
numerous  grains  of  quartz.  It  shows,  however,  the  same  changes 
as  the  other  examples.  In  addition,  it  has  small  amygdules,  once 
doubtless  lined  with  a  chloritic  mineral  and  filled  with  calcite. 
They  now  consist  of  granular  pale-green  hornblende  with  a  patch 
of  recrystallised  calcite  in  the  centre  [7060]. 

As  might  be  anticipated,  no  changes  comparable  in  degree  with 
those  just  described  are  found  where  the  basic  dykes  have  been 
invaded  by  the  later  intrusions  of  small  volume — dykes,  sills,  and 
sheets.  The  only  noticeable  change  which  seems  probably  due  to 
the  metamorphic  efiect  of  these  minor  intrusions  is  a  partial 
epidotisation  of  earlier  basic  dykes  intersected  by  them.  Epidote 
is  a  mineral  well  known  as  a  product  of  thermal  metamorphism, 
especially  in  the  less  advanced  stages,  though  of  course  it  may  also 
originate  in  quite  difierent  circumstances.  Mr  Clough  has  noted 
in  several  places  a  production  of  epidote  in  basic  dykes  and  sills 
where  they  are  intersected  by  lat«r  intrusions,  and  regarded  it  as 

♦  The  locality  most  easily  found  is  a  little  S. W.  of  the  footpath  to  Boreraig, 
where  it  is  crossed  by  a  wall,  south  of  the  Glebe.  Here  a  large  dyke  inter- 
secting the  limestone  is  cut  ofif  and  metamorphosed  by  the  ^pranite. 
Specimens  taken  at  9  or  10  feet  and  at  2  feet  from  the  granite  show  different 
grades  of  metamorphism. 

t  Quart,  Joum.  Otol.  Soc.,  vol.  lii.,  p.  382 ;  1896. 

t  See  Barker,  Petrology  for  Students,  3rd  ed.,  fig.  74 ;  1902. 
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order,  we  may  conveniently  take  first  those  which  belong 
demonstrably  to  an  early  epoch.  To  this  end  we  put  together  all 
the  dykes  which  are  clearly  seen  to  be  cut  ofi*  by  the  granite  intru- 
sions ;  a  considerable  number  of  these  have  been  examined,  more 
especially  in  the  district  between  Broadford  and  Torran.  Dykes 
of  the  same  general  type  are  found  in  many  other  places,  and  some 
of  these  doubtless  belong  to  the  same  epoch  ;  but  others  are  clearly 
younger,  and  we  accordingly  confine  ourselves  here  to  the  area 
specified,  i,e,  the  neighbourhood  of  the  eastern  Eed  Hills  and  espe- 
cially of  Beinn  an  Dubhaich. 

These  pre-granxtic  basic  dylces  are  decidedly  less  regular  in  their 
behaviour  than  the  generality  spf  the  Skye  dykes.  They  depart 
more  frequently  from  the  normal  direction,  and  they  never  seem  to 
be  very  persistent,  often  dying  out  in  a  short  distance  or  leaping 
aside  to  resume  a  parallel  course  on  another  line.  A  noticeable 
hade  from  the  vertical  is  much  commoner  here  than  in  other  groups 
of  dykes.  The  width  is  usually  small,  though  in  some  instances  it 
reaches  20  feet  or  even  50  feet,  but  not  for  any  groat  distance. 
Chilled  edges  seem  to  be  characteristic  of  this  set  of  dykes,  though 
by  no  means  confined  to  them :  an  amygdaloidal  character,  on  the 
other  hand,  is  rare. 

Petrographically  almost  all  these  earlier  dykes  examined  fall 
under  one  general  head,  though  with  variations  in  coarseness  or 
fineness  of  texture,  which  are  related  to  the  size  of  the  dyke  and 
sometimes  also  to  the  distance  of  the  specimen  from  the  cooling 
surface.  The  rocks  may  be  named  diabase,  dolerite,  or  basalt 
according  to  texture,  but  the  micro-structure  is  usually  the  same 
for  all,  viz.  the  ophitic  or  occasionally  the  sub-ophitic.  Although 
we  have  no  chemical  analyses,  it  is  evident  that  the  rocks  are  of 
thoroughly  basic  composition.  The  specific  gravity  is  usually  more 
than  3,  ten  specimens  giving  a  mean  of  3*03.  These,  however, 
include  some  which  have  been  more  or  less  metamorphosed  by  the 
granite,  a  process  involving  a  slight  increase  of  density  in  cases 
where  it  has  been  tested.  There  are  certain  dykes  of  less  basic 
composition  than  the  rest  and  with  lower  specific  gravity.  Some 
of  these  are  apparently  normal,  but  others  have  been  modified  by 
taking  up  xenolithic  material,  in  a  manner  to  be  described  in  a 
later  chapter. 

The  ordinary  varieties  consist  of  labradorite,  augite,  and  mag- 
netite, with  a  little  apatite  but  not  olivine.  The  labradorite  varies 
somewhat  in  composition,  and  the  crystals  have  sometimes  zonary 
banding,  but  the  dominant  kind  gives  extinction-angles  up  to  about 
35°  in  symmetrically  cut  sections.  The  light  brown  ophitic  augite 
is  probably  rich  in  iron,  for  it  gives  rise  to  clotted  patches  of 
magnetite  when  it  becomes  chloritised.  Only  in  the  coarsest 
variety  of  rock  is  a  partial  diallagic  structure  found  [7061]. 
Original  magnetite  is  usually  rather  abundant  in  these  rocks,  and 
we  may  perhaps  infer  that  they  are  rich  in  iron-oxides,  but  not  in 
magnesia. 

The  m€tamorphism  of  the  early  basic  dykes  by  the  granite  is  well 
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observed  round  the  Beinn  an  Dubhaich  mass.  Interesting  eiitamples 
of  this  change  may  be  seen  near  Kilchrist  Old  Manse,*  near  the 
Marble  Quarries,  beside  AUt  an  Inbhire,  and  at  other  places.  The 
nietamorphism  is  specially  well  marked  where  portions  of  the  dykes 
have  become  detached  and  enveloped  in  the  granite :  this  may  be 
seen  near  the  shore  south  of  Torran,  as  noticed  by  Sir  A.  Geikie,t 
and  at  one  or  two  spots  in  the  valley  of  AUt  Leth  Slighe. 

The  general  character  of  the  transformation  is  much  like  what 
has  been  described  in  the  basic  lavas,  and  a  summary  account  will 
therefore  be  suflScient.  The  most  conspicuous  change  is  seen  in  the 
augite,  which  is  converted  usually  into  hornblende.  This  mineral 
is  often  in  patchy,  rather  fibrous  aggregates,  but  passes  finally  into 
crystal-grains  and  plates,  the  yellowish-green  colour  at  the  same  time 
becoming  deeper  and  browTier.  Some  part  of  the  hornblende  must 
come  from  chloritic  alteration-products  of  the  augite,  for  it  is  some- 
times found  in  little  veins  traversing  the  felspars.  +  In  the  vicinity 
of  the  magnetite  grains  brown  mica  often  takes  the  place  of  the 
hornblende.  The  felspar  of  the  rock  is  not  in  general  recrystallised, 
but  it  is  partly  freed  from  its  inclusions,  and  so  appears  clearer  and 
fresher.  Whether  the  opaque  iron-ore  is  to  any  extent  recrystallised 
it  is  not  easy  to  decide,  but  the  little  granules  seem  in  some  cases 
to  have  drawTi  together  into  more  compact  grains.  In  hand- 
specimens  these  metamorphosed  dykes  are  dark,  dense,  crystalline 
rocks.  Three  specimens  gave  specific  gravities  3*02,  3*05,  3"08. 
An  exceptional  specimen  from  a  50-ft  dyke  on  the  south  side  of 
the  granite,  east  of  AUt  an  Inbhire,  gave  a  specific  gravity  2*86  ; 
but  this  has  evidently  had  its  composition  considerably  modified 
(prior  to  metamorphism)  by  taking  up  foreign  material :  it  encloses 
numerous  grains  of  quartz.  It  shows,  however,  the  same  changes 
as  the  other  examples.  In  addition,  it  has  small  amygdules,  once 
doubtless  lined  with  a  chloritic  mineral  and  filled  with  calcite. 
They  now  consist  of  granular  pale-green  hornblende  with  a  patch 
of  recrystallised  calcite  in  the  centre  [7060]. 

As  might  be  anticipated,  no  changes  comparable  in  degree  with 
those  just  described  are  found  where  the  basic  dykes  have  been 
invaded  by  the  later  intrusions  of  small  volume — dykes,  sills,  and 
sheets.  The  only  noticeable  change  which  seems  probably  due  to 
the  metamorphic  efiect  of  these  minor  intrusions  is  a  partial 
epidotisation  of  earlier  basic  dykes  intersected  by  them.  Epidote 
is  a  mineral  well  known  as  a  product  of  thermal  metamorphism, 
especially  in  the  less  advanced  stages,  though  of  course  it  may  also 
originate  in  quite  different  circumstances.  Mr  Clough  has  noted 
in  several  places  a  production  of  epidote  in  basic  dykes  and  sUls 
where  they  are  intersected  by  lat«r  intrusions,  and  regarded  it  as 

♦  The  locality  most  easily  found  is  a  little  S. W.  of  the  footpath  to  Boreraig, 
where  it  is  crossed  by  a  wall,  south  of  the  Glebe.  Here  a  large  dyke  inter- 
secting the  limestone  is  cut  ofif  and  metamorphosed  by  the  ^pranite. 
Specimens  taken  at  9  or  10  feet  and  at  2  feet  from  the  granite  show  different 
grades  of  metamorphism. 

t  Qwirt,  Joum.  Otol.  Soc.,  vol.  lii.,  p.  382 ;  1896. 

t  See  Barker,  Petrology  for  StudenU,  3rd  ed.,  fig.  74 ;  1902. 
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a  metamorphic  effect.  He  has  not  found  it  in  the  Tertiary  dykes 
to  the  east,  south-east,  or  south  of  the  Broadford  and  Beinn  Suardal 
area. 

We  notice  next  the  solitary  dyhes  of  coarse  diabasCy  which  occur 
only  in  small  number,  but  are  widely  distributed.  By  the  epithet 
**  solitary  "  we  mean  to  express  that  they  occur  singly,  or  sometimes 
in  couples,  but  never  in  numerous  groups  like  most  of  the  other 
types.  They  attain  considerable  dimensions,  the  greatest  width 
being  usually  more  than  50  feet,  but  this  is  not  maintained,  and 
the  dykes  themselves  are  rarely  traceable  for  more  than  400  or  500 
yards.  Their  place  in  the  sequence  of  intrusions  in  Skye  has  not 
been  ascertained  very  precisely ;  but  they  are  later  than  the  great 
group  of  basic  sills,  and  in  one  or  two  cases  have  been  observed  to 
cut  finer-textured  dykes  of  dolerite.  They  belong  therefore  to  the 
phase  of  minor  intinisions,  and  have  no  close  connection  with  the 
gabbro,  for  which  they  might  easily  be  mistaken  in  hand- 
specimens. 

Since  these  dykes  are  few,  and  usually  make  conspicuous 
features,  it  is  worth  enumerating  the  principal  examples.  Several 
have  already  been  mentioned  on  account  of  their  large  size. 
Whether  any  occur  in  the  north-western  portion  of  the  island, 
our  survey  does  not  enable  us  to  say.  The  most  northerly 
examples  observed  are  two,  about  50  ft  and  24  ft  wide  respect- 
ively, on  Meall  na  Gainmhich,  about  6  miles  S.S.E.  of  Portree,  or 
4j  miles  N.W.  of  Sligachan.  The  largest  one  recorded  is  on  the 
south-western  slopes  of  Broc-bheinn,  about  1^  mile  N.E.  of  Dry- 
noch  Lodge:  this  is  150  feet  wide  where  it  crosses  the  upper 
part  of  Allt  na  Coille,  but  dwindles  in  a  south-easterly  direction. 
A  dyke  of  this  set,  45  feet  wide,  is  seen  in  Bealach  na  Beinne 
Brice,  2^  miles  W.S.W.  of  Sligachan.  Fai-ther  south  two  occur 
near  together  on  Meall  a'  Mhaim.  They  are  perhaps  30  or  40  feet 
wide,  and  one  of  them  is  seen  very  conspicuously  at  the  large  cairn 
at  the  head  of  Bealach  a'  Mhaim,  the  pass  between  Sligachan  and 
Glen  Brittle.  Some  1200  yards  W.  of  the  summit  of  Meall  a' 
Mhaim  occurs  another,  75  feet  in  width,  remarkable  for  enclosing 
abundant  xenoliths  of  gabbro  up  to  as  much  as  a  foot  in  length. 
Another  crosses  Allt  Dearg  Beag  near  the  northern  boimdary  of 
the  gabbro  :  this  forms  part  of  a  multiple  dyke.  On  the  other  side 
of  the  mountains  a  large  dyke  makes  a  prominent  feature  crossing 
the  southerly  ridge  of  Blath-bheinn  at  about  1100  feet  altitude. 
Another  is  seen  near  the  little  tarn  on  Slat-bheinn,  Strathaird  :  its 
greatest  width  is  about  50  feet.  Two  dykes,  30  or  40  feet  wide,  a 
little  east  of  Loch  Coire  Uaigneich,  south-east  of  Blath-bheinn,  are 
perhaps  to  be  referred  here,  as  well  as  a  60-ft  dyke,  perhaps  the 
continuation  of  one  of  these,  farther  S.E.;  but  they  have  not  been 
subjected  to  microscopic  examination.  There  remain  the  con- 
spicuous 50-ft  dyke  on  the  east  face  of  Beinn  na  Caillach,  and  the 
70-ft  dyke  at  Harrabol.  The  latter  is  part  of  a  double  dyke,  the 
other  member,  30  ft  wide,  being  of  an  intermediate  rock  of  specific 
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gravity  2'75.  To  these  may  perhaps  be  added  one  or  two  recorded 
by  Mr  Glough  in  the  Sleat  district,  notably  a  dyke  seen  ^  mile 
W.  of  Tormore,  near  the  Point  of  Sleat,  which  is  in  places  120  feet 
across.     We  have  not  seen  any  specimen  of  this. 

The  rocks  forming  these  large  solitary  dykes  are  of  coarse 
texture  and  to  the  eye  scarcely  distinguishable  from  some  of  the 
gabbros.  They  usually  contain  olivine,  but  not  as  a  constituent 
easily  visible  on  the  hand-specimens.  Two  examples  gave  specific 
gravities  3*02  and  3*08,  while  the  Blath-bheinn  dyke,  which  is  free 
from  olivine,  gave  2*92.  This  last  has  been  sliced  [7477],  with  tw^o 
from  the  tract  north  of  the  Cuillins,  both  containing  abundant 
olivine  [7555,  7556]. 

The  olivine  may  be  either  fresh  or  converted  to  green  serpentine 
and  magnetite.  Both  original  magnetite  and  ilmenite  are  found, 
the  latter  in  characteristic  skeleton  crystals,  and  the  Blath-bheinn 
rock  has  also  little  cubes  of  pyrites,  passing  into  haematite.  The 
felspars  contain  rounded  glass-  and  other  inclusions,  sometimes  of 
comparatively  large  dimensions,  collected  in  the  central  part  of  the 
crystal.  They  constantly  show  zonary  banding  between  crossed 
nicols,  and  that  in  a  much  more  marked  degree  than  is  occasionally 
seen  in  the  gabbros.  Extinction-angles  for  the  central  and  chief 
portion  of  a  crystal  range  in  symmetrically  cut  sections  up  to  45'', 
indicating  the  most  basic  variety  of  labradorite.  Carlsbad,  albite, 
and  pericline  twinning  are  constantly  found.  The  augite  is 
moulded  upon  the  idiomoi*phic  crystals  of  felspar.  It  is  of  light 
brown  colour  in  thin  slices,  with  perhaps  a  rather  deeper  tint  than 
is  customary  in  the  gabbros.  It  shows  good  prismatic  cleavage, 
but  no  basal  strlation  or  diallagic  structure.  The  rocks  have  thus 
under  the  microscope  diagnostic  characters  which  enable  us  to 
dififerentiate  them  from  the  gabbros,  notwithstanding  a  strong 
general  resemblance  in  some  respects  and  a  nearly  identical 
appearance  to  the  unaided  eye.  In  the  field  these  dykes  are  easily 
distinguished  from  most  others,  not  only  by  their  large  size  and 
coarse  texture,  but  by  their  making  more  or  less  prominent  features 
in  relief  against  the  country  rock. 

The  remaining  nou'porphyritic  basic  dykes  of  Skye,  excepting 
only  some  in  the  Cuillins  to  be  referred  to  in  a  later  chapter,  we  have 
not  succeeded  in  dividing  into  natural  groups  referable  to  defined 
epochs.  This  is  unfortunate,  since  they  include  the  majority  of 
the  dykes  seen  in  most  parts  of  the  island.  The  rocks  present, 
as  a  rule,  little  that  is  remarkable,  and  do  not  call  for  any  full 
description.  The  porphyritic  dykes  will  be  described  sub- 
sequently. 

We  give  below  chemical  analyses  of  two  dykes  which  probably 
belong  here,  although  their  precise  ages  cannot  be  ascertained, 
since  they  are  seen  to  cut  the  Torridonian  only.  The  second,  with 
46*68  per  cent,  of  silica  and  16*69  per  cent,  of  iron-oxides,  belongs 
to  a  type  which  is  very  abundant  and  widely  distributed.  The 
rocks  as  a  whole  seem  to  be  of  decidedly  basic  character,  though 
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perhaps  less  so  than  the  earlier  dykes.  Forty  examples  gave 
specific  gravities  ranging  from  2*80  to  3*06 ;  but  most  were  nearer 
to  the  lower  limit  than  to  the  upper,  and  the  mean  value  was  only 
2*86.  Only  about  half  of  these  dykes  were  proved  to  intersect  the 
gabbro,  the  granite,  or  the  basic  sills  of  the  great  group ;  and  it  is 
probable  that  some  of  the  others  belong  to  the  pre-granitic  set. 
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I.  Dolerite  or  basalt,  dyke  (passiug  into  a  sheet)  on  coast  opposite 

Sgeir  na  lasgaich,  near  Ob  Allt  an  Daraich,  2J^  miles  W.  by  S.  of 
Kyleakin :  anal.  T.  Baker.  Specimen  not  seen :  this  and  the 
following  rock  were  collected  by  Prof.  G.  A.  Lebour,  who  has 
kindly  communicated  the  analyses. 

II.  Dolerite,  dyke  at  point  £.  of  mouth  of  Allt  na  Nighinn,  2  miles 

W.  of  Kyleakin  [89511 :  anal.  T.  Baker.  The  chief  constituents 
are  a  rather  acid  labradorite  in  striated  crystals  about  A-inch  long 
and  a  light  brown  augite  in  imperfect  crystals,  either  mineral 
in  places  idiomorphic  towards  the  other.  There  are  pseudomoi-phs 
after  olivine  and  little  octahedra  of  magnetite :  also  a  subordinate 
later  felspar,  not  closely  lamellated  but  with  concentric  zonary 
structure.  The  shapeless  patches  of  this  later  felspar  enclose  very 
numerous  needles  of  apatite  (phosphoric  acid  not  determined  in  the 
analysis).     See  Plate  XXII.,  Fig.  2. 

Here,  as  in  some  other  cases,  the  presence  or  absence  of  olivine 
does  not  seem  to  us  a  character  of  primary  classificatory  value, 
since  it  does  not  evidently  correlate  itself  with  other  points  of 
difference.  The  innumerable  non-porphyritic  basic  dykes  of  our 
area,  other  than  those  separately  treated,  fall  conveniently  under 
two  heads  according  to  their  relative  coarseness  or  fineness  of 
texture.  The  ophitic  structure  prevails  in  the  coarser  rocks  and 
the  granulitic  in  the  finer,  and  other  differences  may  also  be 
recognised  between  the  two  sets,  though  not  always  without 
exceptions. 

The  more  coarse-textured  dykes  may  be  termed  dol^rites  and 
diabases.  Some  contain  olivine,  while  others,  in  most  respects 
similar,  do  not.  When  that  mineral  is  present,  it  forms  as  a  rule 
rounded  grains,  often  replaced  by  green  or  greenish  yellow  or 
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brown  serpentine  and  other  secondary  anbetances.  Magnetite 
occnrs  in  varying  amount  in  little  octuiedra  and  grannies.  Any 
evidently  titaniferons  iron-ore  seems  to  bo  rare,  bnt  chemical  tests 
would  be  necessary  to  decide  this  question.  Needles  of  apatite  are 
often  detected  but  have  a  capricious  diBtnhation  The  felspar  is 
labradonte  it  shows  in  shces  tiie  usual  rectangular  shapes  with 
Carlsbad  and  alb  te  twinnmg  and  in  some  of  the  most  coarse- 
textured  rocks  acme  pencl  ne  lamellce  in  addition  The  augite, 
crystallised  enbeequently  to  the  felspar  is  1  ght  brown  in  section 
without  any  spec  al  pecuhanty  It  is  doubtless  of  an  aluminous 
variety  and  is  often  partially  replaced  by  a  chlont  c  mineral, 
sometimes  with  radiate-fibrous  arrangement     It  has  invariably  an 


Flo.  68.— [5421]  X  30.  DiaUae  or  coarse  dolerite,  d^ke  h  roUe  E.S.E.  of 
summit  of  Ben  AtilAk  &nd  2  miles  S.W.  of  K^lerhes."  lypical  ophitic 
structure.  The  felspar  crystals  in  this  and  numerous  similar  rocks  ^ov 
between  crossed  mcols  a  strong  zonary  banding,  which  does  not 
disappear  with  the  albite-lameUation,  and  is  therefore  due  to  the 
niarginn]  portion  being  of  different  composition  from  the  interior. 

ophitic  or  sub-ophitic  habit,  though  the  individual  crystal-plates 
are  not  often  of  such  size  as  completely  to  enclose  the  felspar  (Fig. 
68).  Bocks  with  these  characters  have  a  quite  geneial  distribntion, 
and  are  found  cutting  the  basalts  of  the  plateaux,  the  gabbro  of 
the  Coillina,  and  the  stratified  rocks  of  the  sonth-«a8tem  part  of 
the  island. 

The  finer-t«ztured  rocks  we  shall  tenn  hasalta.  These  again 
may  or  may  not  contain  olivine.  Some  of  high  specific  gravity 
(about  3)  and  doubtless  thoroughly  basic  composition  are  devoid 
of  that  mineral:  these  rocks  are  very  rich  in  augite.    Magnetite 
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occurs  as  before.  The  felspars  are  smaller  and  of  narrower  shape 
("lath "-shape)  in  section,  but  all  except  the  smallest  show  twin- 
striation.  They  are  found  to  be  labradorite  whenever  they  can  be 
tested.  The  augite,  of  quite  pale  tint  in  the  slices,  is  in  granules 
wedged  in  among  the  felspars  or,  if  more  abundant,  aggregated  in 
patches,  and  the  varieties  of  micro-structure  met  with  depend 
chiefly  upon  the  amount  and  habit  of  the  augitic  constituent.  One 
special  type,  seen  in  some  rocks  rich  in  augite  [7131,  8191], 
exhibits  the  structure  already  noticed  under  the  name  "  ocellar " 
as  occurring  in  some  of  the  basalt  lavas  {see  Plate  XVII.,  Fig.  3, 
C),  viz.  a  tendency  of  the  augite  to  build  imperfect  prisms,  or  at 
least  elongated  elements,  with  a  confused  sheaf-like  or  partially 
radiate  arrangement  about  certain  points. 

These  basalt  dykes  difier  from  the  augite-andesite  dykes  to  be 
described  in  a  later  chapter  in  that  they  have  as  a  rule  no  glassy 
base.  Only  exceptionally  do  we  find  any  indication  of  a  base,  and 
then  only  in  connection  with  a  marginal  modification  of  the  rock. 
A  small  proportion  only  of  the  dykes  have  an  extremely  thin 
tachylytic  edge,  as  we  shall  notice  in  the  following  chapter.  Small 
scattered  amygdules  are  occasionally  found. 

The  basalt  dykes  have  the  same  wide  distribution  as  the  dolerites, 
and,  like  them,  belong  undoubtedly  to  more  than  one  epoch  of 
injection.  Some  of  them  are  among  the  latest  intrusions  of  the 
Cuillins.  In  some  parts  of  the  gabbro  mountains  we  find  very 
numerous  little  dykes,  or  rather  veins,  of  very  compact-looking 
basalt,  often  only  two  or  three  inches  wide.  They  sometimes  have 
an  irregular  course,  curving  or  bending  abruptly  aside,  and  in 
places  ramifying,  a  peculiarity  distinguishing  them  from  other 
dyke-rocks  in  our  area. 

We  pass  on  to  the  porj^hyritic  basic  dykes.  Those  basic  dykes 
which  exhibit  conspicuous  porphyritic  elements  seem  referable,  in 
most  cases  where  evidence  is  available,  to  a  rather  late  stage  in  the 
histoiy  of  igneous  activity  in  the  region.  An  exception  to  this 
iTile  we  have  already  noticed  in  the  peculiar  rocks,  often  containing 
quartz-grains,  which  sustain  such  remarkable  relations  towards 
associated  acid  intrusions.  Apart  from  these,  no  noticeably  porphyr- 
itic dykes  have  been  observed  which  are  clearly  referable  to  an 
early  stage.  Both  the  basic  lavas  and  the  basic  sills  are,  as  has 
been  remarked,  in  general  non-porphyritic,  and  porphyritic  dykes 
are  not  to  be  expected  as  common  among  their  feeders.  Of  the 
dykes  now  to  be  described,  some  intersect  the  granite,  and 
othera  cut  minor  intrusions  themselves  younger  than  the  granites 
and  in  some  cases  of  quite  late  age.  Several  distinct  groups  are 
to  be  recognised,  but  the  data  do  not  enable  us  to  arrange  them  in 
chronological  order. 

Very  noticeable  are  certain  porphyritic  dykes  rich  in  olivine 
which  traverse  the  granite  in  various  parts  of  the  Red  Hills.  They 
are  from  2  to  15  feet  in  width,  and  vary  in  direction  between 
N.W.-S.E.  and  W.N.W.-E.S.E.      The  conspicuous   minerals  in 
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hand-specimens  are  rectangular  felspars  and  golden  yellow  olivine, 
less  frequently  lustrous  black  augite.  The  felspars  range  up  to 
^  inch  in  diiuneter  and  the  olivines  to  about  ^  inch,  while  the 
texture  of  the  general  mass  of  the  rock  shows  some  variation. 
Dykes  of  this  kind  are  seen  on  Glamaig  and  the  Beinn  Dearg 
ridge  near  Glen  Sligachan,  on  the  slopes  of  61as-bheinn  Mhdr  and 
Beinn  na  Cro,  and  on  the  western  slope  of  Beinn  Dearg  Mhdr  of 
Strath ;  and  they  may  conveniently  be  styled  the  Beinn  Dea/rg  type. 
They  occur  scarcely,  if  at  all,  outside  the  granitic  tract.  Within 
that  area  they  are  the  most  usual  type ;  though  other  dykes  are 
also  found,  consisting  of  a  rather  dense  and  dark  non-porphyritic 
rock,  with  a  tendency  to  spheroidal  weathering. 

These  olivine-bearing  dykes  of  the  Red  Hills  are  of  thoroughly 
basic  composition.  Seven  specimens  gave  specific  gravities  from 
2*86  to  2'96,  \\ith  a  mean  2*90.  One  example  has  been  com- 
pletely analysed  by  Dr  Pollard,  whose  results  are  given  in  the 
accompanying  table.  The  figures  difier  very  notably  from  those 
for  the  more  widely  distributed  types  given  above.     In  particular, 
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Porph3rritic  Olivine- Dolerite  [7862],  dyke  cutting  granite,  Oiche  na 
Beinne  Deirge:  anal.  W.  Pollard,  Summary  of  Progress  for 
1899,  p.  174.     See  Plate  XXII.,  fig.  4. 

the  richness  in  magnesia,  the  comparative  poverty  in  alumina,  and 
the  low  silica-percentage  are  significant  points.  The  Beinn  Dearg 
dykes,  again,  have  no  close  resemblance  to  the  sills  of  the  great 
group,  being  decidedly  poorer  in  alumina  and  alkalies  and  richer  in 
magnesia.  Since  these  dykes  are  undoubtedly  a  local  group,  con- 
nected with  the  special  focus  of  central  Skye,  we  might  perhaps 
more  reasonably  compare  them  with  the  gabbros ;  but  they  differ 
w 
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quite  as  decidedly  from  these,  being  much  poorer  in  alumina  and 
richer  in  iron  and  magnesia,  as  well  as  poorer  in  silica.  In  short, 
the  Beinn  Deai'g  type  of  dykes  represents  a  highly  specialised 
derivative  from  the  hypothetical  common  stock.  If  there  exists  in 
the  district  a  "  complementary  "  product  of  the  same  differentia- 
tion, it  must  be  represented  by  thoroughly  acid  rocks  very  poor  in 
ferro-magnesian  minerals.     (See  below,  p.  427.) 

The  porphyritic  felspars  are  of  a  rather  basic  labradorite  (with 
extinction-angles  up  to  40°  in  symmetrical  sections),  and  show 
Carlsbad  and  albite  twinning.  Their  inclusions  are  mainly  of  glass. 
The  olivine-grains,  with  but  little  approach  to  crystal-outline,  are 
fresh  or  only  slightly  serpentinised,  and  occur  in  abundance. 
When  augite  figures  among  the  phenocrysts,  it  is  a  variety  very 
pale  in  thin  slices,  differing  from  that  of  the  ground-mass.  The 
opaque  iron-ore  is  either  in  little  octahedra  or  in  more  shapeless 
grains.  The  felspar  of  the  groimd-mass,  in  little  striated  prisms, 
the  larger  ones  showing  carlsbad  as  well  as  albite  twinning,  is 
labradorite  of  a  leas  basic  kind  than  the  phenocrysts  (extinction- 
angles  up  to  30°).  The  augite  is  light  brown  with  more  or  less  of 
a  purplish  tone  and  sensible  pleochroism.  It  seems  probable  that 
part  of  the  titanic  acid  has  gone  into  this  mineral,  the  iron-ore 
being  chiefly  magnetite.  Apatite  needles  are  sporadically 
distributed. 

In  micro-structure  these  rocks  show  some  differences.  There 
are  porphyritic  olivine-basalts,  with  a  ground-mass  composed  of 
small  felspar  prisms  and  granules  of  augite  and  magnetite.  There 
are  porphyritic  olivine-dolerites,  in  which  the  augite  of  the  ground- 
mass  varies  from  a  partly  idiomorphic  to  a  sub-ophitic  habit 
(Plate  XXII.,  Fig.  4).  Here,  in  addition  to  the  rectangular 
striated  felspars  of  the  ground,  there  are  some  of  later  crystal- 
lisation and  shapeless  habit,  with  strong  zonary  banding  and  no 
close  twin-lamellations.  Finally,  there  are  ophitic  olivine-dolerites, 
in  which  the  porphyritic  felspars  are  wanting :  these,  too,  show 
the  subordinate  shapeless  and  zoned  felspars  in  addition  to  the 
dominant  set. 

A  veiy  numerous  set  of  porphyritic  dykes  is  found  in  the  Strath 
district,  especially  round  Beinn  Suardal,  and  may  be  distinguished 
as  the  Suardal  type.  Felspars  are  usually  the  only  evident  pheno- 
crysts :  if  olivine  occurs  it  is  in  smaller  grains  than  in  the  Beinn 
Dearg  dykes.  A  striking  feature  is  the  great  frequency  of  enclosed 
xenoliths,  usually  of  gablDro  or  granite,  and  of  xenocrysts  derived 
from  the  disintegration  of  these.  In  most  of  the  dykes  something 
of  this  nature  may  be  noticed  ;  and  exceptionally,  as  in  a  dyke  to 
the  west  of  Allt  an  't-Suidhe  near  Loch  Kilchrist,  gabbro  debris 
makes  up  locally  quite  half  the  bulk  of  the  rock  [6718].  The 
dyke  just  mentioned,  traversing  the  volcanic  agglomerate,  bears 
about  N.N.E.,  and  has  a  width  of  50  feet :  most  of  the  dykes  of 
this  group,  however,  are  only  a  very  few  feet  wide,  and  the  common 
direction  is  N.W.-S.E, 
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Twelve  examples  of  the  Beinn  Suardal  porphyritic  dykes,  free 
from  xenoliths,  gave  specific  gravities  tvom  2*74  to  2*95,  with  a 
mean  of  2*86.  Their  mineralogical  composition,  too,  evinces  a  very 
considerable  range  of  variation.  This  is  certainly  due  in  great  part 
to  the  magma  having  often  absorbed  a  considerable  amonnt  of 
material  from  foreign  sources,  and  become  modified  in  consequence. 
For  this  reason  a  summary  notice  of  the  petrography  of  the  dykes 
will  be  sufficient :  the  phenomena  of  the  xenoliths  will  be  treated 
in  another  chapter  (XX.). 

The  porphyritic  felspars  proper  to  the  rocks  are  labradorite,  con- 
taining glass-cavities.  Augite  phenocrysts  are  never  abundant, 
and  olivine  may  or  may  not  occur.  There  is  always  plenty  of  mag- 
netite, in  small  granules  or  minute  octahedra.  The  usual  ground- 
mass  consists  mainly  of  little  felspars,  in  imperfect  prisms  and 
bundles,  with  augite  in  granules  and  sometimes  in  imperfectly- 
built  crystals  (PL  XXII.,  Fig.  5).  Other  constituents,  such  as 
biotite,  seem  to  be  connected  always  with  reactions  between  the 
basaltic  magma  and  material  of  foreign  origin.  The  felspars  of  the 
ground-mass  are  usually  labradorite.  Sometimes  they  are  of  a  less 
basic  kind,  and  the  rock  becomes  rather  an  ande&ite  than  a  basalt ; 
but  this  modification,  observed  in  association  with  enclosed  granite 
d6bris,  finds  an  explanation  in  the  consideration  already  set  forth. 

To  the  Suardal  group  wo  may  probably  attach  many  of  the 
dykes  of  porphyritic  basalt  found  at  numerous  localities  throughout 
the  district  of  Sleat.  Mr  Clough  has  supplied  some  field- notes  on 
these  rocks,  but  they  have  not  been  examined  more  closely.  The 
specific  gravities  of  ten  examples  ranged  from  2*78  to  2*94, 
with  a  mean  of  2*85.  The  rocks  contain  conspicuous  por- 
phyritic felspars,  and  in  some  cases  porphyritic  augites :  some- 
times also  they  carry  xenoliths  of  gabbro,  etc.  In  the  Moine 
Schists  at  Inver  Dalavil,  on  the  west  coast  of  Sleat,  occurs  a  dyke 
in  which  the  porphyritic  felspars  are  sometimes  as  much  as  3  inches 
long,  rivalling  those  near  Tobermory  in  Mull.  These  felspars  gave 
the  specific  gravity  2*69,  indicating  labradorite.  Another  of  Mr 
Clough's  observations  relates  to  the  unequal  distribution  of  the 
felspar  phenocrysts  in  a  dyke.  One  of  this  group  on  the  west  side 
of  Port  na  Long,  near  the  Point  of  Sleat,  shows  bands  roughly 
parallel  to  the  walls  of  the  dyke,  some  very  rich  in  porphyritir 
felspars,  others  almost  free  from  them.  The  edges  of  the  severa- 
bands  show  no  sign  of  chilling  against  one  another,  and  the  cross- 
joints  in  the  dyke  pass  uninterruptedly  through  ;  so  that  the  whole 
appears  to  belong  to  a  single  intrusion. 

These  porphyritic  basalt  dykes  of  Sleat  have  the  normal  direction. 
It  is  not  possible  to  prove  that  they  are  of  precisely  the  same  age 
as  the  Suardal  dykes  which  they  resemble,  but  Mr  Clough's  observ- 
ations would  make  us  refer  them,  like  the  others,  to  a  somewhat 
late  epoch.  They  cut  the  ordinary  basic  sills  of  the  district,  as  well 
as  the  granophyres  and  some  of  the  non-porphyritic  basic  dykes. 
On  the  other  hand,  they  are  cut  by  some  non-porphyritic  dykes  of 
thoroughly  basic  composition. 
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Other  porphyritic  dykes  in  the  Sleat  district  present  types  quite 
different  from  the  preceding.  One  from  the  neighbourhood  of 
Kylerhea  has  phenocrysts  of  augite  and  olivine,  the  latter  replaced 
by  serpentine  and  carbonates,  but  not  of  felspar.  The  augite  is 
pale  in  a  thin  slice,  with  a  faint  purplish  tint  towards  the  border  of 
the  crystal,  and  shows  in  polarised  light  a  well-marked  and  regular 
**  hour-glass  structure  "  [5419]. 

A  group  of  porphyritic  dykes  intersecting  the  Torridon  Sand- 
stone on  the  shores  of  the  Sound  of  Soay  presents  rather  peculiar 
features.  In  hand-specimens  the  rocks  show  fresh  glassy-looking 
felspars,  with  tabular  habit  and  from  ^  to  ^  inch  in  length,  set  in  a 
fine-textured  matrix  of  a  rather  light  grey  colour.  A  slice  [871^ 
shows  these  porphyritic  felspars  to  be  labradorite,  with  carlsbad, 
albite,  and  pericline  twinning,  the  lamellae  being  rather  unevenly 
distributed.  Some  of  the  crystals  contain  large  inclusions  gener- 
ally resembling  the  ground-mass.  Associated  with  the  porphyritic 
felspars  are  imperfect  crystals  of  magnetite  and  certain  light  green 
serpentinous  pseudomorphs  very  suggestive  of  a  rhombic  pyroxene 
destroyed.  Other  light  green  patches,  consisting  mainly  of  fibrous 
hornblende,  have  the  shape  of  olivine.  The  ground-mass  consists 
of  small  felspar  crystals,  granular  augite  in  quite,  subordinate 
amount,  and  rather  abundant  magnetite.  The  small  felspars  show 
narrow  rectangular  sections,  often  only  once  twinned,  and  con- 
stantly give  nearly  straight  extinction.  They  must  therefore  be 
oligaclase,  perhaps  even  with  some  orthoclase.  In  the  inclusions 
within  the  porphyritic  felspars  the  small  felspars  do  not,  so  far  as 
can  be  judged,  give  the  very  low  extinction-angles.  The  abnormal 
composition  of  the  specimen  examined  might  be  explicable  on  the 
supposition  that  the  magma  has  been  to  some  extent  acidified  after 
the  crystallisation  of  the  porphyritic  elements.  We  are  reminded 
in  some  respects  of  the  dykes  elsewhere  to  be  described  which  have 
demonstrably  been  modified  in  this  way  by  taking  up  granitic 
material.  No  undestroyed  relics  of  an  acid  rock,  however,  were 
observed  in  the  case  now  in  question.  The  several  dykes  belonging 
to  this  group,  so  far  as  they  have  been  examined,  show  no  difierence 
of  an  essential  kind.  A  conspicuous  dyke,  12  feet  wide,  just  E.  of 
Ulfhart  Point,  has  a  less  fine  texture  than  the  specimen  described 
above,  but  the  felspars  of  the  ground-mass,  though  of  larger  size, 
give  the  same  nearly  straight  extinction  as  before.  If  we  reject 
the  supposition,  for  which  no  direct  evidence  can  be  adduced,  that 
these  rocks  have  been  modified  by  absorption  of  extraneous  matter, 
we  may  compare  them  with  other  dykes  to  be  noticed  at  the  end  of 
this  chapter  as  approximating  in  composition  to  the  mugearite 
type.  The  nature  of  the  dominant  felspar  and  the  subordination  of 
augite  to  magnetite  and  olivine  are  significant  in  this  connection, 
but  the  phenocrysts  of  labradorite  make  an  important  difference. 

A  different  type  is  represented  by  numerous  dykes  of  small 
width  in  the  neighbourhood  of  Drynoch  and  Meadale,  to  the  N.E. 
of  Loch  Harport.     These  are  olivine-bearing  rocks  of  finer  texture 
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than  the  Beinn  Dearg  type  and  having  phenocrysts  of  felspar  only. 
An  example  at  the  sharp  bend  of  the  high-road  about  6^  miles 
from  Sligachan  gave  the  specific  gravity  2'80.  A  slice  [8715] 
shows  that  olivine  occurs  in  small  grains  which  are  fairly  abundant, 
some  fresh,  but  others  replaced  by  green  serpentine.  The  porphyr- 
itic  felspars,  \  inch  long  or  more,  are  fresh  and  glassy-looking : 
they  are  only  scattered  through  the  fine-textured  matrix.  This  is 
chiefly  of  little  striated  felspar  prisms,  with  a  strong  tendency  to 
fluxional  arrangement,  while  light  brown  augite  occurs  in  ophitic 
plates  and  rather  plentiful  magnetite  in  small  octahedra  and 
granules.  These  rocks  recall  in  some  respects  the  porphyritic 
olivine-dolerite  of  the  Boineval  type  of  double  sills  (p.  262). 

Here  we  may  notice  a  conspicuous  dyke  seen  on  Boineval,  east 
of  the  summit,  and  already  alluded  to  as  possibly  one  of  the 
feeders  of  the  peculiar  double  sills  or  laccolites  there  exhibited. 
It  has  a  maximum  width  of  35  feet,  with  the  normal  direction. 
The  rock  shows  a  finely  crystalline  dark  grey  ground,  enclosing 
very  numerous  fresh  felspars  about  ^  inch  long  and  little  grains  of 
olivine,  and  is  a  porphyritic  olivine-dolerite  with  "granulitic" 
structure.  In  a  thin  slice  [8188]  the  felspar  phenocrysts  show 
Carlsbad,  albite,  and  pericline  twinning,  and  the  extinction-angles 
(up  to  34°  in  symmetrically  cut  sections)  indicate  labradorite,  but 
not  of  a  very  basic  variety.  They  contain  round  inclusions  of 
relatively  large  size,  and  these  are  chiefly  confined  to  the  interior 
portion  of  each  crystal,  which  often  shows  definite  crystallographic 
outlines  more  perfect  than  those  of  the  crystal  itself.  This  indeed 
is  often  moulded  upon  the  augite-granules  of  the  ground-mass,  and 
there  can  be  no  doubt  that  the  broad  margin  of  the  crystal  repre- 
sents a  later  growth  of  the  phenocrysts  continued  during  the 
crystallisation  of  the  ground-mass  (Plate  XX.,  Fig.  4).  We  have 
observed  a  similar  appearance  in  the  phenocrysts  of  some  other 
dykes,  and  Professor  Judd*  has  described  it  as  a  phenomenon  of 
frequent  occurrence.  The  olivine  of  the  rock,  in  grains  about  ^ 
inch  in  diameter,  is  perfectly  fresh.  The  ground-mass  consists  of 
granules  of  pale  yellowish-brown  augite,  little  striated  felspars 
giving  elongated  sections,  and  small  crystals  of  magnetite. 

The  next  type  to  be  noticed  among  these  basic  dykes  may  aUo 
be  termed  porphyritic  olivine^lerite.  It  does  not  seem  to  be  very 
widely  distributed,  but  within  the  areas  where  it  occurs  itj 
numerously  represented.  The  rocks  are  of  thoroughly  basic  com- 
position. Five  examples  gave  specific  gravities  ranging  from  2*84 
to  2*93,  with  a  mean  of  2*88.  The  special  feature  as  regards 
structure  is  the  association  of  abundant  porphyritic  elements  with 
an  ophitic  ground.  These  dykes  may  be  called  for  distinction  the 
Oheal  Gillean  type. 

A  number  of  dykes  of  this  kind  occur  in  the  neighbourhood  of 
Camasunary.  Some  larger  ones,  up  to  as  much  as  50  feet  in  width, 
are  seen  near  the  foot-path  from  there  to  Strathaird,  and  another 

♦  Quart.  Joum.  Gecl.  Soc.^  vol.  xlv.,  pp.  175*186,  pi.  VII. ;  1889. 
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large  one  about  400  yards  N.E.  of  Kirkibost  House.  Their  direction 
is  the  normal  one,  varying  from  N.W.-S.E.  to  N.N.W.-S.S.E. 
Specimens  of  these  large  dykes  have  quite  a  coarsely  crystalline 
appearance,  oviing  to  the  abundance  of  porphyritic  crystals.  These 
are  of  felspar,  often  from  i  to  ^^  inch  in  length.  Thin  slices  show 
that  they  are  a  somewhat  basic  labradorite.  They  have  carlsbad, 
albite,  and  pericline  twinning,  and  contain  numerous  rounded 
glass-inclusions,  usually  collected  towards  the  centre  of  the  crystal. 
These  crystals  are  set  in  a  matrix  consisting  mainly  of  augite  and 
felspar  with  the  ophitic  relation.  This  felspar  is  quite  subordinate 
in  amount  to  the  augite.  It  forms  numerous  little  striated  crystals, 
from  ^  inch  to  as  little  as  y^  inch  in  length  in  different  specimens. 
Olivine  is  represented  by  pseudomorphs  in  yellowish-brown 
serpentine  and  pilitic  amphibole,  and  there  are  ragged  grains  of 
black  iron-ore. 

Dykes  of  rock  comparable  in  many  respects  with  the  above 
occur  about  Tarskavaig,  in  the  Sleat  peninsula,  where  Mr  Clough 
describes  them  as  a  common  type.  The  porphyritic  crystals  are  so 
crowded  together  in  some  specimens  examined  as  almost  to  hide 
the  ground-mass,  giving  the  rock  the  general  aspect  of  a  gabbro. 
Three  specimens  sliced  showed  a  close  similarity  to  one  another. 
Olivine  is  more  plentiful  than  in  the  dykes  of  Gheal  Gillean,  etc., 
and  is  better  preserved.  It  seems  to  occur  sometimes  in  two 
generations  [7367].  The  porphyritic  felspars,  which  make  up  more 
than  lialf  the  rock,  are  of  a  thoroughly  basic  kind:  some  appear 
from  their  optical  properties  to  be  anorthite.  The  felspar  of  the 
ground-mass,  not  a  very  abundant  constituent,  is  a  medium  labra- 
dorite. These  dykes  are  evidently  of  the  same  general  type  as 
those  near  Strathaird  and  Camasunar^^  Thev  have  the  N.N.W. 
direction,  and  if  prolonged  on  that  line  would  pass  near  Strathaird. 
Mr  Clough  found  similar  dykes  to  be  common  farther  south, 
towards  the  southern  point  of  Sleat  [736G].  In  several  instances 
they  cut  poi'phyritic  basalt  dykes  of  more  ordinary  types,  and  this 
might  perhaps  lead  us  to  assign  this  group  to  a  rather  late  epoch. 
It  is  not  clear,  however,  that  all  the  dykes  of  this  general  type 
belong  to  one  group.  Some  of  them  bear  a  very  close  resemblance 
to  the  large  sill  which  nms  at  the  base  of  the  j\Iesozoic  strata  in 
the  neighbourhood,  but  no  direct  evidence  of  any  connection  has 
been  observ-ed. 

Among  dykes  o{  porphyritic  doleriie  irithovt  olivine,  but  still  of 
basic  composition,  we  may  notice  a  group  intersecting  the  Torri- 
donian  strata  in  the  Isle  of  Seal  pay.  A  specimen  selected  from  a 
dyke  about  400  yards  N.W.  by  N.  of  Scalpay  House  is  a  grey, 
finely  but  evidently  crystalline  rock,  enclosing  porphyritic  felspars 
up  to  \  inch  in  length.  Its  specific  gravity  is  2*904.  In  a  slice 
[1)372]  the  porjihyritic  crystals  are  seen  to  be  labradorite,  with 
carlsbad  and  albite  twinning.  The  felspai'S  of  the  general  ground- 
mass,  judged  by  their  extinction-angles,  are  of  a  somewhat  more 
acid  variety.  The  light  brown  augite  is  in  irregular  grains  wedged 
in  between  the  felspars,  but  the  two  minerals  seem  to  have  crystal- 
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lised  simulteneously,  and  in  places  they  are  associated  in  a  rudely 
micrographic  intergrowth.  Magnetite  is  abundant,  and  there  are 
also  occasional  patches  of  pjrrites,  which  are  very  evident  on  the 
hand-specimen.  This  is  the  character  of  the  general  mass  of  the 
rock ;  but  enclosed  in  it  are  numerous  little  patches  of  a  diflferent 
kind,  which  appear  in  the  slice  as  well-defined  circular  areas  up  to 
about  ^  inch  in  diameter.  These  are  almost  wholly  of  felspar, 
which  is  partly  lamellated,  with  very  low  extinction-angles,  partly 
un twinned.  Magnetite  occurs  very  sparingly  and  in  minute 
crystals;  while  augite  is  absent,  and  its  place  taken  very  inade- 
quately by  a  few  slender  needles  of  pale  green  actinolitic  hornblende 
and  small  flakes  of  brown  mica,  the  latter  grown  roimd  the  magnet- 
ite {see  Plate  XXV.,  Fig.  1).  There  is  sometimes  a  little  interstitial 
quartz.  It  is  clear  that  these  small  round  patches  are  of  very 
decidedly  more  acid  composition  than  the  enclosing  rock.  They 
have  not  the  characters  which  we  look  for  in  xenoliths ;  and  their 
small  and  fairly  uniform  size,  their  equable  distribution,  and  their 
spherical  form  lead  us  to  regard  them  as  vesicles  which  at  a  late 
stage,  when  the  rock  was  far  advanced  towards  complete  consolid- 
ation, became  occupied  by  the  residual  and  relatively  acid  portion 
of  the  magma.  A  similar  phenomenon  has  been  recorded  in  andes- 
itic  rocks  from  more  than  one  British  locality,*  and  we  shall  have 
to  notice  it  later  among  the  andesitic  dykes  of  Skye  (See  pp. 
399-401.) 

A  verj^  distinct  type  among  our  basic  dykes,  and  one  of  very 
restricted  occurrence,  diflers  from  the  rest  in  the  nature  of  the 
felspathic  constituents  and  in  other  respects  which  lead  us  to  attach 
it  provisionally  to  the  mugearites  described  in  Chapter  XV.  The 
best  example  is  a  well-known  dyke  at  Am  Bile,  about  IJ  mile 
E.N.E.  of  Portree,  to  which  we  sliall  have  to  refer  in  the  following 
chapter.  It  has  a  glassy  selvage,  an  analysis  of  which  is 
quoted  below  (p.  338,  II.).  The  intmor  of  the  dyke  is  not 
necessarily  identical  in  composition  with  the  selvage,  but  there  is 
no  reason  to  suppose  that  it  differs  in  any  very  essential  way.  The 
silica-percentage  is  somewhat  higher  than  in  the  ordinary  basic 
dykes,  while  the  lime  and  especially  the  magnesia  are  lower,  and 
the  alkalies  higher,  including  a  notable  proportion  of  potash.  All 
these  points  connect  the  rock  with  the  mugearites. 

The  peculiar  mineralogical  composition  of  the  rock  bears  out  the 
comparison.  The  dominant  constituent  is  striated  oligoclase  in 
imperfectly  shaped  crystals  from  -j^  inch  downward.  Another 
felspar,  in  shapeless  grains  of  later  crystallisation,  is  untwinned, 
and  must  doubtless  be  referred  to  orthoclase.  The  coarser  texture 
of  the  rock,  as  compared  with  the  mugearites  of  Roineval  and 
Druim  na  Criche,  enables  the  felspars  to  be  identified  more  easily ; 
and  it  is  seen  that  the  orthoclase  is  here  rather  more  abundant,  as 
might  be  expected  from  the  relative  proportions  of  the  alkalies  in 
the  analysis.     It  makes  up  probably  about  one-fitth  of  the  total 

♦See,  e.g.,  Teall,  Geol,  Mag.,  1889,  pp.  481-483,  pi.  XIV. 
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felspar  and  more  than  one-eighth  of  the  whole  rock.  Besides  the 
interstitial  grains  mentioned,  there  are  a  few  orthoclase  pheno- 
crysts,  or  perhaps  xenocrysts,  of  larger  size,  with  much-corroded 
border  and  abundant  glass-inclusions.  Augite  plays  only  a  sub- 
ordinate part  in  this  rock ;  but  there  has  been  an  abundance  of 
olivine,  now  represented  by  pseudomorphs  of  serpentine  stained  to 
a  deep  red-brown  colour.  Little  octahedra  of  magnetite  are  feirly 
plentiful,  and  little  slender  needles  of  apatite  are  exceedingly 
numerous  [93731.  The  finer-textured  rock  towards  the  edge  of 
the  dyke  (not  the  glassy  selvage)  shows  a  micro-structure  more 
closely  comparable  with  that  of  the  typical  mugearites.  The 
felspars  are  of  the  same  acid  varieties  as  before,  but  the  ferro- 
magnesian  silicates  are  too  completely  destroyed  to  be  identified. 
The  magnetite  and  apatite  occur  abundantly,  as  before  [9374]. 
There  is  also  an  occasional  corroded  orthoclase,  as  much  as  ^  inch 
in  diameter,  quite  honeycombed  with  glass-inclusions,  and  the 
same  thing  is  seen  in  the  actual  glassy  selvage  of  the  rock  [9375]. 
We  shall  notice  in  the  next  chapter  certain  small  dykes  seen  S. 
of  Loch  Ashik,  near  Broadford,  and  at  one  or  two  places  in  the 
district  of  Sleat,  which  probably  approach  mugearite  in  compos- 
tion ;  but  these,  being  thoroughly  glassy  rocks,  do  not  lend 
themselves  to  a  petrographical  comparison. 
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CHAPTER  XIX. 
Basic  Dykes:  Tachylytic  Selvages. 

In  this  chapter  we  shall  give  some  account  of  the  selvages  of 
black  glass  which  occasionally  border  the  basic  dykes  of  our  area. 
With  the  dykes  we  shall  include  such  intrusive  sheets  or  sills  as 
have  come  under  our  notice,  in  which  like  phenomena  are 
observed.  Some  exceptional  cases  will  be  noticed,  in  which  the 
vitreous  character  aflFects  more  or  less  the  whole  width  or  thick- 
ness of  the  intrusion,  instead  of  being  confined  to  narrow 
marginal  zones.  Further,  while  treating  of  the  truly  glassy  form 
locally  assumed  by  the  basic  magmas,  we  shall  describe  also  those 
modifications  in  which  there  has  been  a  considerable  development 
of  crystallitic  growth,  usually  with  spherulitic  arrangement,  some 
of  the  rocks  embraced  here  being  such  as  are  sometimes  styled 
"  variolites." 

From  one  or  two  incidental  references  in  Macculloch's  work  it 
seems  probable  that  he  had  observed  instances  of  tachylytic 
selvages  in  Skye.  The  true  nature  of  this  vitreous  substance  was, 
however,  first  recognised  by  Necker,*  who  found  it  as  a  crust 
two  or  three  inches  thick  on  a  basic  dyke  in  the  "  Beal  valley  "  to 
the  north  of  Portree.  It  had  previously  been  observed  here  by 
Murchison,  who  regarded  it  as  a  pitchstone :  Necker  discovered 
that  it  is  denser  and  more  fusible  than  the  rocks  properly  ranged 
under  this  title,  and  considered  it  as  bearing  the  same  relation  to 
the  basic  rocks  that  true  pitchstone  does  to  the  acid.  In  1882 
Dr  Heddlet  noticed  a  tachylyte  forming  a  half-inch  crust  at  the 
lower  surface  of  a  basic  sheet  (presumably  an  intrusive  sill)  on 
the  Quiraing,  and  he  proved  by  chemical  analyses  its  practical 
identity  in  composition  with  the  rock  which  it  borders.  In  the 
following  year  Professors  Judd  and  Cole$  gave  a  fall  description  of 
the  "  Beal "  rock  with  some  others  in  the  Western  Isles ;  and 
subsequently  the  latter  author,§  in  a  supplementary  paper,  did  the 
same  for  the  Quiraing  occurrence. 

So  far  as  our  observation  has  extended,  tachylytic  selvages  to 
the  ordinary  basic  dykes  are  of  rare  occurrence  in  the  basaltic 
portion  of  the  island.  A  thin  film  of  glassy  material  resembling 
coal  in  appearance  coats  the  surface  of  some  of  the  smaller  basalt 
dykes  on  Meall  Odhar  Beag  and  Ben  Lee,  to  the  north-west  of 

*  Edin.  New  PhiL  Jcmm.,  voL  xxiz.,  p.  75  ;  1840. 

fMin,  Mag,<f  vol.  v.,  p.  8 ;  1882. 

1  Quart,  Joum.  Gecl.  Soc.,  vol.  xxxix.,  pp.  444*464,  pi.  XIIL,  XIV.;  1883. 

llhid.,  vol.  xliv.,  pp.  800-307,  pi.  XI.;  1888. 


33't  Occurences  of  Tadtylytic  Selvages. 

Loch  Sligachan,  and  a  few  other  occurrences  have  been  noted. 
Any  appix>ach  to  a  vitreous  selvage  is  very  exceptional  also  iu 
the  mountains.  MaccuUoch*  found  on  Gars-bheinn  a  loose  frag- 
ment showing  the  transition  of  basalt  into  **a  fine  black  pitch- 
stone,"  presumably  from  a  dyke  cutting  the  gabbro  or  the 
metamorphosed  lavas.  A  small  basalt  dyke  with  selvages  of 
tachylyte,  -^  inch  thick,  intersects  the  strip  of  gabbro  enveloped 
in  the  granite  of  Mai*sco,  as  seen  in  the  gully  on  the  north-west 
face.  A  few  other  small  dykes  with  glassy  edges  have  been 
observed  cutting  the  gabbros  and  peridotites  of  the  Cuillins  in 
An  Garbh-choire  and  elsewhere. 

When  tachyljrtic  selvages  occur,  they  are  usually  very  thin: 
excepting  the  examples  at  the  "  Beal "  and  the  Quiraing,  we 
know  none  in  the  north-western  and  central  paits  of  the  island 
exceeding  -j^  inch.  It  may  be  remarked  generally  that  evidences 
of  decided  cliilling  are  less  frequently  met  with  in  the  parts  of 
Skye  where  the  country  rocks  are  igneous  than  in  the  parts 
farther  south-east,  where  sedimentary  strata  prevail.  Possibly  the 
temperature  of  the  "  country  *'  rocks  at  the  time  when  the  dykes 
were  injeoted  is  in  part  answerable  for  this  difference ;  but  there 
are  doubtless  other  factors  which  would  influence  the  rate  of 
cooling  of  a  dyke,  more  especially  the  specific  thermal  conductivity 
of  the  rock  Ibnning  the  walls.  Professor  Kendallt  has  pointed  out 
the  influence  of  this  on  the  formation  of  tachylytic  margins  to 
basalt  dykes  in  Mull :  a  selvage  which  has  a  thickness  of  ^  inch 
in  contact  with  a  sheet  of  compact  basalt  is  reduced  to  a  mere 
film  when  the  dyke  passes  through  a  highly  vesicular  sheet.  A 
similar  change  is  seen  in  some  of  our  Skye  dykes  which  have 
glassy  selvages. 

In  the  Sleat  district  Mr  Clough  has  found  that  selvages  of 
blac;k  tachylyte  are  not  unooninion,  but  most  of  them  are  extremely 
thin,  perhaps  not  more  than  -^^  inch.}  In  certain  instances,  wliich 
are  worth  particularising,  he  has  observed  a  more  considemble 
development  of  the  basalt-glass,  or  even  a  small  dyke  wholly 
composed  of  it.  At  the  head  of  a  small  bum  |-  mile  south  of 
Loch  Ashik,  near  Broadford,  tachylyte  forms  the  whole  of  two 
narrow  dykes,  six  or  eight  inches  across,  running  E.-W.,  within  a 
broader  dyke  of  ophitic  dolerite  with  N.N.W.  bearing.  It  is 
crowded  with  quasi-spherulitic  growths,  which  are  much  larger  in 
the  interior  of  a  dyke  than  at  the  margins.  On  the  N.W. 
side  of  Allt  Evan,  3  mile  N.E.  of  Kinloch,  is  a  dyke  of  spherulitic 

*  Deacnpt ion  of  th€  IVeateni  Islands  of  Scotlajidy  vol.  i.,  p.  402;  1819. 

f  Geol  Ma(j.  1898,  ]).  555. 

I  Examples  are  noted  at  the  following  places  :  three  or  four  dykes  to  the 
N.E.  of  Ob  Allt  an  Daraich,  between  Broadford  and  Kyleakin  ;  Rudha 
Guail,  to  the  N.E.  of  Isle  Orusay  ;  two  dykes  at  i  mile  and  I  mile  S.W.  of 
Rudha  Guail ;  300  yards  N.  of  Camas  Daraich,  near  Tarskavaig  ;  two  dykes 
at  ^  mile  and  I  mile  S.W.  of  Ob  Gauscavaig,  in  the  same  neighbourhood  ; 
150  yards  E.S.E.  of  Armadale  pier  ;  I  mile  E.S.E.  of  Sgiirr  na  Leth-bheinn, 
near  the  Point  of  Sleat.  All  these  are  either  in  Torridon  Sandstone  or  in 
Moinc  Schists. 
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tachylyte  a  foot  thick,  with  specific  gravity  of  280.  Some  of  the 
spherulites  in  it  are  as  large  as  boys'  marbles.  Where  the  bridle- 
road  crosses  AUt  Thuill,  to  the  N.E.  of  Loch  na  Dal,  near  Isle 
Omsay,  the  later  of  two  north-westerly  dykes  in  the  bum  shows 
a  glassy  modification.  On  the  north  side  of  the  road  the  dyke  is 
three  or  four  feet  wide,  and  has  tachylytic  selvages  from  1  to  3 
inches  thick,  besides  a  few  thin  streaks  and  patches  more  in  the 
interior.  On  the  south  side  of  the  road  the  dyke  is  reduced  to 
12-18  inches  in  width,  and  here  the  whole,  or  nearly  the  whole, 
has  a  resinous  lustre,  with  a  specific  gravity  of  2*81.  It  is  perhaps 
significant  that  several  of  these  thicker  bands  of  tachylyte  are 
found  in  connection  with  dykes  intersecting  earlier  intrusions  of 
basalt  or  dolerite,  doubtless  better  conductors  of  heat  than  such 
rocks  as  the  Tomdon  Sandstone.  A  like  remark  applies  to  the 
sheet  at  Rudh'  an  lasgaich,  described  below.  We  shall,  however, 
show  reason  for  believing  that  the  tendency  to  assume  the 
vitreous  form  in  these  rocks  is  primarily  dependent  upon  some 
peculiarity  in  their  composition  as  compared  with  the  ordinary 
basic  intnisions  of  the  region. 

We  have  stated  that  tachylyte  selvages  are  sometimes  found  on 
the  basic  sills  and  sheets  of  intrusive  habit,  as  well  as  on  the  dykes. 
In  some  cases,  as  in  a  sheet  of  spherulitic  basalt  at  Camas  Daraich 
near  the  Point  of  Sleat,  the  glass  is  little  more  than  a  skin  on  the 
surface ;  in  other  cases,  as  in  Heddle's  instance  at  the  Quiraing,  it 
forms  a  rather  more  considerable  crust.  Mr  Clough  has  observed 
two  cases  presenting  features  of  interest  to  be  further  described. 
One  is  to  the  west  and  north-west  of  Knock,  where  the  tachylyte 
and  the  compact  rock  immediately  next  to  it  are  seen  in  unusually 
extensive  exposures,  some  perhaps  100  yards  long  and  nearly  as 
broad.  The  other  is  on  the  west  coast  of  Sleat,  about  half-way 
between  Rudh'  an  lasgaich  and  Rudha  Ch&m  nan  Cearc,  where 
glassy  selvages  up  to  3  inches  in  thickness  occur  on  the  margins  of 
a  thin  basalt  sheet,  which  runs  rather  irregularly  along  the  interior 
of  a  thicker  sill  of  dolerite  intruded  at  the  base  of  the  Mesozoic 
strata.  The  relations  have  been  described  and  figured  by  Sir  A. 
Geikie.*  Other  sheets  with  selvages  of  tachylyte  were  observed  at 
the  S.W.  side  of  Loch  Doir'  an  Eich,  farther  to  the  N.W.,  and  at 
Ard  Thurinish  near  the  southern  extremity  of  Sleat. 

In  their  mode  of  occurrence  and  customary  thickness  the 
tachylytic  selvages  in  Skye  resemble  those  in  others  of  the  Western 
Isles.  In  Mull,  for  example,  in  nearly  fifty  e2camples  catalogued 
by  Prof  Kendall,  the  thickness  is  not  often  more  than  ^to^  inch, 
and  the  greatest  thickness  recorded  is  2J  inches,  at  Glen  Arcs. 
At  Loch  Scridain,  however,  in  the  same  island.  Prof.  Heddlet 
has  described  a  dyke  boi-dered  by  tachylyte  which  in  certain  local 
expansions  reaches  a  thickness  of  6  or  7  inches,  and  even  22 
inches. 

If  we  examine  in  the  field  a  dyke  which  has  tachylyte  selvages, 

♦  QmH.  Joum,  Geol.  8oc,,  voL  liL,  pp.  179,  180,  fig.  23  ;  1896. 
t  Trans,  GeoL  Soc,  Glasg,,  vol*  x.i  pp.  80-95 ;  1895. 
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we  find  as  a  rule  that  the  rock  becomes  very  compact  as  the  margin 
ia  approached,  and  takes  on  a  resinous  lustre  like  that  of  some 
pitchstones.  Tliis  change  is  &  gradual  one  ;  but  the  final  change 
to  the  thin  crust  of  true  tachylyte,  black  and  lustrous  as  polished 
jet,  comes  on  rather  suddenly.  It  ia  in  the  basalt-pitchstone 
rather  than  the  true  tachylyte  or  ba8alt>-obeidian  that  some  of  the 
special  structures  often  occur,  such  as  relatively  large  spherulites 
conspicuous  to  the  eye.  The  glassy  edge  is  often  finely  fissured, 
the  delicate  cracks  running  perpendicularly  to  the  boundary 
surface,  and  the  compact  pitchy-looking  rock  may  also  be  divided 
sometimes  in  a  remarkable  manner.  Of  the  Allt  Thuill  dyke,  Mr 
Clough  notes  that  in  the  selvages  there  are  "  closely  fitting  perlitic 
forms,  some  of  which  are  more  than  an  inch  in  length  in  one 
direction  parallel  to  the  side  of  the  dyke,  and  not  much  leas  in 
breadth  in  the  same  plane.  The  tachylyte  also  contains  spherulitea, 
bodies  of  a  sitherical  or  oval  shape,  and  spherulitic  rods  like  those 
in  the  trachyte  dykes,  to  be  described  later."     Some  of  his  more 


Fio.  69.— Sheatha  and  cores  on  sur- 
face  of  A   basaltic   sheet,  rather 

"  more  than  J  inilc  S.W.  of  Cnoc 
a'  Chiiise  Mor,  near  Knock. 
Scale,  i  of  natural  size.    (C.T.  C.) 


the 


in.  70.  —  Sheaths  and  cores, 
I.ilter    with    perlitic    forms, 
fiurface  of  a  basaltic  sheet,  same 
locality  as  the  preceding.     Scale, 
,V  of  natural  size.     (C.  T.  C.) 


interesting  obseiTations  relate  to  the  sills  or  sheets  with  tachylytic 
selvages  already  mentioned.  The  first  of  the  two  cases  described 
in  the  following  note  shows  features  analogous  with  the  curious 
reticulated  structure  in  the  Eskdale  dyke,  Dumfriesshire,  as 
detailed  by  Sir  A.  Geikie.* 

"  In  some  of  the  extensive  exposures  of  the  sheets  near  Knock 
we  see  a  rectangular  pattern  formed  by  more  or  less  straight- 
running  bands  which  jjroject  on  the  weathered  face  and  have 
median  sutures  (Pigs.  69  and  70).  These  bands  have  not  now  a 
glassy  aspect,  and  theii-  sides  often  weather  with  a  rusty  colour. 
Neighbouring  bands  make  different  angles  with  one  another  and 
enclose  spaces  which  are  filled  in  with  a  black  glassy  tachylyte 
with  small  perlitic  forms.  These  bands  are  perhaps  of  the  same 
character  as  the  '  sheaths '  of  the  Eskdale  pitchstone  dyke,  and 

*Prw.  Roy.  Phy>.  ftoc.  Edin..,  vol.  v.,  pp.  242,  243,  plate  V,  ;  1880: 
Tram,  Soij.  Sm.  Edin.,  vol.  xiiv.,  )».  4X ;  1888:  Ancient  Volcanoes  of 
Great  Britain,  vol.  ii.,  pp.  133.  134;  1897. 
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the  tachyljrte  interspaces  may  be  compared  with  the  *  cores '  of 
the  same  dyke.  Some  of  the  *  sheaths '  end  bluntly,  or  diverge 
into  two  branches,  each  of  which  ends  bluntly,  within  a  *  core.* 
In  some  parts  the  '  sheaths '  which  run  in  one  direction  are  much 
closer  together  than  those  which  cross  them,  but  the  directions  of 
the  closer  set  are  liable  to  vary  rather  rapidly.  A  little  below  the 
tachylyte  there  are  often  close  joints  or  divisional  lines  which 
remind  us  of  the  joints  to  be  mentioned  near  Rudh'  an  lasgaich. 
Some  of  them  are  connected  by  other  shorter  joints  which  mfike 
considerable  angles  with  them. 

''  In  the  thin  sheet  mentioned  near  Budh'  an  lasgaich  the 
tachylyte  at  the  surface  is  in  some  places  as  much  as  three  inches 
thick  and  crowded  with  perlitic  forms.  The  parts  next  below  the 
tachylyte  are  intersected  by  many  close  joints,  often  hardly  half  an 
inch  apart,  some  of  which  are  nearly  at  right  angles  to  the 
adjoining  tachylyte  surface,  while  others  make  a  slight  angle  with 
it.  These  joints  are  very  varied  in  direction  and  often  curved.  Their 
general  eflFect  gives  the  appearance  of  a  number  of  rather  ill-defined 
oval  forms,  from  eight  to  eighteen  inches  in  length,  and  separated 
from  one  another  by  spaces  which  are  often  about  the  same  breadth 
as  themselves :  these  oval  forms  are  crossed,  near  their  long  axes, 
by  joints  which  are  nearly  parallel  to  them,  and  also  near  the  sides 
by  other  joints  which  become  more  curved  and  more  nearly  parallel 
to  the  sides  as  the  sides  are  approached.  The  spaces  between  the 
forms  are  also  crossed  by  a  multitude  of  joints  which  keep  as  a  rule 
nearly  parallel  to  the  side  of  the  oval  form  which  is  nearest  them. 
These  joints  become  gradually  less  prominent  and  numerous  as 
they  proceed  toward  the  interior  of  the  sheet,  and  about  a  foot  oflf 
the  surface  they  are  hardly  noticeable.  Similar  joints  also  occur 
near  the  under  surface  of  the  sheet."     (C.  T.  Clough.) 

One  dyke  which  is  worthy  of  notice  on  account  of  its  historic 
interest  is  that  which  has  already  been  mentioned  as  the  "  Beal " 
dyke.  The  name  does  not  appear  in  this  form  on  the  maps  of  the 
Ordnance  Survey,  but  Am  Bile  is  marked  on  the  six-inch  map,  and 
not  far  from  this  place  is  the  dyke  which  we  identify  .as  that 
noticed  by  earlier  writers.  It  is  immediately  west  of  the  little  inlet 
named  Port  a'  Bhata,  about  1^  mile  E.N.E.  of  Portree,  and  is 
reached  by  a  steep  road  leading  down  from  the  farm  of  Torvaig, 
which  is  marked  on  the  one-inch  map.  At  this  place  a  recess  in 
the  basalt  cliflFs  is  occupied  by  Jurassic  rocks,  and  the  dyke 
traverses  these  in  a  generally  N.W.-S.B.  direction.  It  has  a 
maximum  width  of  about  6  feet.  The  south-westerly  face  is  well 
exposed,  and  shows  a  crust  of  tachylyte  varying  in  thickness  up  to 
about  an  inch.  The  actual  surface  shows  everywhere  a  delicate 
linear  marking  which  we  interpret  as  a  flow-structure,  and  the 
direction  of  this  varies  considerably  and  rapidly.  Thus  towards  the 
landward  (N.W.)  end  of  the  exposure  it  dips  S.E.  at  about  50° ; 
farther  seaward  it  becomes  verticiEd,  and  then  dips  in  the  opposite 
direction ;  while  still  farther  it  becomes  sensibly  horizontal.  These 
changes  are  observed  in  a  distance  of  about  30  yards.     It  is  one 
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among  other  cases  which  seem  to  show  that  the  flow  of  a  rock- 
magma  in  a  dyke-fissure  is  by  no  means  always  in  the  vertical 
direction.  lUustrations  of  this  are  much  more  frequent  among  the 
intermediate  than  among  the  basic  dykes  of  our  area,  and  we  shall 
return  tx>  the  rtu]»ji*ct  in  a  later  chapter  (XXIIL). 

I'aKsing  f  n)in  tht"*  characters  of  the  tachylytes  as  seen  in  the  field 
to  a  clortor  examination  of  the  rocks  themselves,  we  consider  first 
tlieir  clifimiml  iunn])OMition,  We  repro<lnce  in  the  Accompanying 
table  the  analyses  of  two  examples  from  Skye,  and,  for  comparison, 

J.        II.  A.  H.         C.  D. 

SiOo    -  45-613  52-59  5303  65-40  6605  63-63 

AL()„  14-423  17-33  2009  13-24  17-13  15-93 

F0.O3  4  927  1114  9-43  5-48  10*30  2000 

FVr>     -  9'411  not  (let.  notdet.  5*64  not  det.  not  det. 

MiiO  0-153  0-66  notdet.  0-80  ti-ace  trace 

Mk^)  4000  2-62  2-63  157  1-52           0-78 

(JmO     -  8098  6-47  605  707  6-66           7-88 

Nrt..()  418C  4-24  4-52  201  329           4*48 

K..()  2-397  2  40  1*27  1-64  098           0-50 

1 1  J)  6H3()  3-27  (ign.)  264  (ign.)  720  3-50  (ign.)  0-56  (ign.) 


100090  100-72  99-66       10005     99*53        103-76 


S|HH'.  gmv.     2-68       2-72  283  . .         2*714  2*99 

I.  yiiiniiiig;  unal.  M.  F.  Hetldle,  J/in.  Mag.,  vol.  v.,  p.  8;  1882. 
11.  *•  Ht'nl";   anal,  lltnlgkinson,  Qiutrt,  Journ,  GeoL  Soe,,  vol.  zxzix., 

J).  455  :   1883.     Traws  <if  Imriiiin  ami  copper. 
A.  Anltun,  Mull;   anal.  (J.  A.  J.  Colo,  Quart.  Jatirn.  Geol,  Soc,,  vol. 

xliv.,  p.  303:   1888. 
M.  SIit»vi»nal:ir):y.  Co.    l>own;    anal.  S.   Haughton,  Journ.   Rot/,    Geol. 

Soc.  IrvL.  vol.  iv..  p.  231  :   1877. 
('.    I*:nnla.sh,    .\n-an;    anal.    Oolossts   Aiut.   dea  mines  (5),   vol.   xiii., 

p.  :ir>i»:  i8:)S. 

|).  CantH'k  I'VIK  l'iiniluTlan«l ;  anal.  R.  \i.  Ad\i\  Quart.  Jaiini.  Geol, 
Soc,  vol.  xlv.,  i>.  *J9S:  1889.  Tiaoos  of  titanic  acid.  The  high 
total  oi  this  aiinlvsis  is  unsiitisfactorv,  evon  with  allowance  for 
part  of  tlu»  iron  InMug  in  tlu»  tVrrous  state. 

of  four  otluM-  Hritish  roprosentiiti vos.  Ot*  these  tour,  the  firet  three, 
and  possiMv  tlio  last  also.  l)olontr  to  the  Tertiary  suite  of  intrusions. 
AltluMiLjh  till*  >i\  roi'ks  show  a  cousidei-able  range  of  silica- 
poi*i*tMitao;o,  thov  arc  eviilently.  a>  a  j^n-oup,  somewhat  more  acid 
than  tho  ordinary  hasalt  and  d<^lerito  dykes  and  sills  of  the  region. 
Anothor  and  oqually  notiooaMo  point  is  the  low  proportion  of 
niaj^nesia,  whilo  in  most  cases  the  alkalies  are  decidedly  high  for 
basic  rocks.  The  dyke  ot*"tho  Heal  "  or  Am  Bile  we  have  already 
rcicrred  to  in  the  |»rcccdinir  chapter,  and  have  attached  to  the 
peculiar  type  named  muirearito.  We  have  also  noticed  (pp.  263- 
M\})  the  Quirain^  rock,  and  have  pointed  out  in  its  analysis 
peculiarities  c»t'the  same  kind  though  less  marked  in  degree.  It  is 
pn^hahle  that  in  other  oicurrences  in  Skye.  in  which  there  is  an 
unusually  amount  of  basic  glass,  there  is  sometiiing  of  the  same 
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peculiarity  of  composition.  In  default  of  chemical  data,  this  is 
sometimes  indicated  by  the  nature  of  the  enclosed  crystallitic 
elements,  e,gr  by  the  development  of  oligoclase  microlites  rather 
than  labradorite.  In  certain  cases  it  cannot  be  doubted  that,  if  the 
conditions  of  consolidation  had  been  such  as  to  produce  a  crystal- 
line aggregate  instead  of  a  glass,  the  dominant  constituents  would 
be  felspars  of  comparatively  acid  kinds,  while  the  more  basic 
elements  would  be  represented  principally  by  magnetite  and  some- 
times olivine.  It  appears  that  magmas  having  this  kind  of 
composition  assume  the  vitreous  form  more  freely  than  ordinary 
basalt-magmas. 

In  the  literature  of  the  subject  we  find  that  the  basic  glasses 
(excluding  those  altered  by  subsequent  hydration)  have  often  been 
divided  into  tachylytes  and  hyalomelanes,  and  that  the  most 
typical  examples  of  the  latter  are  generally  characterised  by  rather 
high  silica  and  alkalies  and  constantly  low  magnesia.  This  dis- 
tinction seems  to  correspond  in  a  general  way  with  that  suggested 
by  a  study  of  our  rocks,  and  a  chemical  investigation  might  perhaps 
enable  us  to  carry  it  out.  One  distinctive  character  claimed  for 
the  hyalomelanes  is  their  greater  resistance  to  solution  by  acids ; 
and  it  is  noteworthy  that  such  rocks  as  those  of  "the  Beal,''  Gribun, 
and  Lamlash  are  only  slightly  soluble.*  This  test  has,  however, 
be^n  discredited  by  Rosenbusch  and  others ;  and  we  are  content 
here  to  indicate  what  seems  to  be  a  real  distinction  without  desiring 
to  revive  a  rather  ill-defined  terminology. 

Some  interest  attaches  to  the  specific  gravity  of  the  tachylytes. 
Professors  Judd  and  Cole  have  remarked  that  "the  basalt-glass  of 
the  Western  Isles  of  Scotland  appears  to  be  generally  distinguished 
by  its  very  high  specific  gravity."  As  regards  the  vitreous 
modification  of  the  ordinary  basalt  dykes,  our  observations  are 
quite  in  accord  with  this  statement.  Seven  fresh  examples  from 
Skye  gave  the  figures  2*76  to  2*92,  with  average  2*84.  The  some- 
what less  basic  tachylytes,  however,  with  less  magnesia  and  more 
alkalies  in  proportion  to  lime,  are  often  less  dense,  and  for  the  most 
part  have  specific  gravities  between  265  and  275,  though  some- 
times up  to  2*80.  These,  as  we  have  remarked,  include  the  most 
considerable  developments  of  basic  glass  known  in  Skye.  It  should 
be  remembered  that  the  specific  gravity  is  considerably  afiected 
by  secondary  changes.  We  have  selected  the  freshest,  material 
obtainable  for  our  determinations,  but  in  some  cases  of  tachyljrtes 
of  low  density  from  other  areas  there  is  no  definite  information 
concerning  the  state  of  preservation  of  the  rocks. 

Taking  the  specific  gravities  of  the  tachylytes  of  the  Western 
Isles  as  a  whole,  and  comparing  with  their  chemical  analyses,  we 
obtain  results  which  at  first  sight  appear  rather  discordant.  In  the 
following  list  we  collect  from  various  sources  the  particulars  for  all 
those  cases  for  which  we  have  chemical  data,  arranging  them  in 
order  of  specific  gravity,  and  adding  for  comparison  the  tachylyte 
from  Carrock  Fell,  Cumberland.  Judging  merely  by  these  figures, 
it  appears    that    the    specific    gravity    bears    no    close    relation 

^  Judd  and  Cole,  Quart,  Joum,  Oed,  Soc.,  vol.  xzxix.,  p.  462;  1883. 


Specific 

Silifia 

TotAl  Iron 

gravity. 

KJAAl\/<«>« 

(as  metal). 

Quiraing,  Skye 

2-68 

45-61 

10-77 

Lamlash,  Arran 

2-714 

55-20 

7-70 

Beal,  Skye 

2-72 

52-59 

7-80 

Gribun,  Mull  . 

2-82 

50-51 

1005 

Brodick,  Arran 

2-83 

53-96 

•  • 

Ardtun,  Mull 

2-83 

5303 

6-60 

Screpidale,  Haasay  . 

2-84 

46-68 

10-80 

Some,  Mull 

2-89 

47-46 

12-47 
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to  the  silica-percentage,  within  the  limits  45  to  55.  The  three 
specimens  richest  in  iron  are  also  the  three  densest,  and  the  order 
of  the  three  follows  the  same  rule,  but  the  rest  of  the  list  shows  no 
such  correspondence.  The  examples  richer  in  water  are  without 
exception  the  lighter,  the  comparison  of  the  first  and  last  on  the 

Water. 

6-83 

3-50  (ign.) 
3-27  (ign.) 


2-64  (ign.) 


Carrock  Fell,  Cumberland         299         53*63         1400         0-56  (ign.) 

list  being  especially  striking ;  ♦  and  this  is  probably  a  point  of 
importance.  There  is  another  essential  circumstance,  which  does 
not  appear  in  the  chemical  analyses.  These  rocks,  although  con- 
veniently spoken  of  as  basalt-glasses,  often  contain  a  considerable 
proportion  of  individualised  minerals  and  aggregations  in  the  form 
of  spherulitic,  crystallitic,  and  globulitic  growths ;  and  the  relative 
amount  of  these  in  the  glassy  matrix  may  affect  the  specific  gravity 
of  the  rock  to  an  important  degree,  apart  from  differences  in  total 
chemical  composition. 

A  curious  anomaly  appears,  however,  in  at  least  one  case,  on 
comparing  the  specific  gravity  of  a  tachylyt^  selvage  with  that  of 
the  interior  of  the  same  dyke.  In  a  dyke  on  Lamlash,  Arran, 
Delesset  found  for  the  interior  2*649  and  for  the  selvage  2*714.  In 
the  same  dyke  the  late  Mr  Thomas  Daviest  found  2*67  for  the 
interior  and  2*72,  2*74,  2*78  for  successive  zones  of  the  selvage,  the 
last  being  the  extreme  edge.  On  the  assumption  that  the  chemical 
composition  is  the  same  throughout,  this  seems  to  be  inconsistent 
with  the  general  principle  that  substances  are  denser  in  the 
crystalline  than  in  the  vitreous  form.  This  principle  is  abundantly 
verified  by  experiments,  including  those  of  Delesse  himself.  In  a 
carefully  conducted  experiment  by  Barus§  a  diabase  of  specific 
gravity  3*0178  gave  after  fusion  a  glass  of  specific  gravity  2-717  ; 
showing  therefore  a  decrease  of  9  per  cent,  in  density  or  an 
increase  of  1 1  per  cent,  in  volume. 

The  French  observer  noticed  the  discrepancy,  but  considered  it 
easily  explicable  by  the  fact  that  the  tachylyte  contains  more  silica 
and  a  little  less  water  than  the  basalt.     Professors  Judd  and  Cole,  II 

*  Of  the  Slievenalargy  and  Ballymacilreiny  tacliylytea,  the  one  very  rich 
and  the  other  very  poor  in  water,  the  specific  gravities  are  unfortunately  not 
recorded. 

t  Ann.  des  miius  (5),  vol.  xiii.,  p.  369 ;  1858. 

J  QuaH.  Joum.  Geol.  Soc.^  vol.  xxxix.,  p.  449 ;  1883. 

J^  Amer.  Joum.  Sci.  (3),  vol.  xlii.,  pp.  498,  499  ;  1891. 
Quart.  Joum.  Geol.  Soc,  vol.  xxxix.,  pp.  449,  453  :  1883. 
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with  apparent  justice,  regard  this  explanation  as  inadequate,  the 
observed  differences  falling  within  the  limits  of  error.  The  more 
important  figures  in  Delesse's  analyses  are: — 


Dyke. 

Selvage. 

oi02         .... 

55-20 

56-05, 

FejOj  (including  FeO) 

11-00 

10-30, 

Ignition  .... 

3-85 

3-50; 

in  which  it  will  be  seen  that  the  differences  in  silica  and  iron,  if 
significant  at  all,  ought  to  tell  in  the  direction  of  a  lower  density 
for  the  glassy  selvage.  The  difference  in  water  shown  is  very 
small :  if  real,  it  probably  indicates  that  the  basalt  of  the  central 
part  of  the  dyke  has  suffered  somewhat  from  secondary  alteration. 
There  may  possibly  be  a  difference  in  the  relative  proportions  of 
ferric  and  ferrous  iron,  not  separated  in  the  analyses. 

To  ascertain  whether  basic  rocks  do  really  make  an  exception  to 
the  general  rule  would  require  careful  analyses  of  the  dykes  and 
their  selvages  to  prove  identity  of  composition.  It  is  unfortunate 
that  in  the  only  pair  of  analyses  of  this  kind  which  we  possess  from 
Skye,  those  of  the  Quiraing  occurrence,  the  specific  gravity  of  the 
interior  is  not  recorded.  We  are  able  to  show,  however,  that  the 
Lamlash  dyke  is  by  no  means  unique  in  having  a  vitreous  selvage 
of  higher  density  than  itself.  The  "  Beal  dyke  gave  the  following 
results  with  the  hydrostatic  balance: — 


9373 
9374 
9375 


Centre  of  dyke,  ....  2*645, 
Part  next  selvage,  ....  2*678, 
Glassy  selvage,  ....         2*686. 


In  this  case,  however,  the  difference  may  not  be  very  significant, 
for  the  interior  of  the  dyke  at  least  is  not  in  a  fresh  condition. 
It  may  be  remarked  that,  while  secondary  alteration  probably 
reduces  in  most  cases  the  density  of  crystalline  rocks,  this  is  not 
always  the  case.  In  the  first  of  the  three  rocks  mentioned  next 
below  there  is  a  certain  amount  of  pyrites  formed,  which  tells  in 
the  opposite  direction  to  vitiate  the  comparison.  Professor  SoUas 
has  kindly  determined  for  us  by  his  diffusion-column  the  specific 
gravities  of  the  glassy  skins  of  some  of  our  basalt  dykes,  and  we 
here  compare  these  with  the  results  found  by  the  hydrostatic 
balance  for  the  interior  or  for  the  whole  specimen : — 


[8845].  Dyke  on  N.W.  face  of  Marsco — 
Part  next  to  selvage  (altered) 
Glassy  selvage, 

[8846].     Dyke  on  Meall  Odhar  Beag— 
Whole  specimen,    . 
Glassy  selvage, 

[8847].    Dyke  N.W.  of  Ben  Lee- 
Whole  specimen,    . 
Glassy  selvage, 


2*90, 
2*80. 

2*86, 
2*91. 

2*84, 
2*94, 
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In  the  last  two,  which  are  fresh  rocks,  the  glassy  selvage  is  very 
decidedly  denser  than  a  specimen  representing  the  ftdl  wiath  of  the 
narrow  dyke:  a  comparison  of  selvage  wiUi  interior  would  of 
course  show  a  slightly  greater  difference  of  the  same  kind.  It  is 
possible  that  there  may  be  some  real  difference  in  chemical 
composition  between  the  central  and  the  marginal  parts ;  and  if 
such  difference  exists,  and  has  been  set  up  as  a  result  of  differ* 
entiation  in  place,  it  probably  takes  the  form  of  a  certain 
concentration  of  iron-oxides  in  the  margin,  which  would  account 
for  the  higher  density  of  that  part. 

In  describing  the  miero^trudure  of  the  rocks  we  shall  endeavour 
to  distinguish  the  true  basalt-tachylytes  from  those  of  more  peculiar 
composition,  approximating  in  varying  degree  to  the  mugearite 
type.  We  shall  begin  with  the  former,  which,  as  a  rule,  are  found 
only  as  thin  skins  on  the  surfaces  of  a  dyke  or  sheet. 

In  the  first  place  a  few  words  are  called  for  relative  to  the  occur- 
rence of  a  vitreous  **  base  "  in  the  general  mass  of  some  of  our 
basalt  dykes  and  sheets.  We  have  already  remarked  that  any 
notable  amount  of  glass  in  the  body  of  an  intrusion  is  of  rare 
occurrence.  In  some  instances,  however,  the  marginal  part 
developes  an  abundant  glassy  base,  without  assimiing  the  character 
of  a  tachylyte,  and  interesting  micro-structures  are  found.  We 
select  to  illustrate  this  an  intrusive  sheet  or  sill  in  the  Torridonian 
grits  of  the  Isle  of  Soay,  ^  mile  W.  by  N.  of  An  Dubh-sgeire.  The 
marginal  part  of  this  is  a  dark  rock  of  generally  doleritic  aspect, 
and  of  specific  gravity  2*80,  enclosing  very  numerous  dull  black 
spots  of  round  or  ovoid  shape  up  to  :^  inch  or  more  in  diameter. 
These  spots,  veiy  conspicuous  on  a  cut  face,  are  scarcely  to  be 
detected  on  an  ordinary  fracture,  but  stand  out  prominently  on  the 
weathered  surface.  A  thin  slice  [9987]  shows  that  they  represent 
vesicles,  into  which  the  residual  magma  has  forced  its  way  at  a  late 
stage  in  the  consolidation.  We  shall  have  to  notice  this  circum- 
stance as  specially  characteristic  of  the  augite-andesite  dykes,  but 
this  rock  is  of  thoroughly  basic  composition.  A  brown  residual 
"  base  "  is  abundantly  present.  In  the  interstices  of  the  labradorite 
crystals  and  (decomposed)  augite  grains  it  is  a  true  glass ;  but  in 
the  larger  and  more  defined  patches  which  represent  the  vesicles  it 
is  mostly  found  to  depolarise.  Here  a  large  part  is  made  up  of 
little  spherulitic  growths  of  the  kind  that  we  shall  have  to  notice 
so  frequently  in  the  tachylytes  and  variolites.  Owing  to  the  oblique 
extinction  of  the  felspar  elements,  which  constitute  most  of  their 
substance,  these  spherulites  do  not  show  the  "  black  cross  "  effect ; 
but  the  radiate  structure  is  evident,  and  is  rendered  more  so  by  the 
arrangement  of  numerous  slender  dark  rods,  representing  probably 
destroyed  augite. 

Coming  now  to  those  basalt  dykes  wliicli  have  glassy  selvages,  we 
notice  as  an  invariable  characteristic  that  the  marginal  part  of  such 
a  dyke  has  a  strongly  banded  structure  parallel  to  the  bounding 
wall.     A  transverse  section  will  often  show  as  many  as  six  or  eight 
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narrow  bands,  averaging  perhaps  ^  inch  in  width ;  the  outermost 
of  which  is  the  actual  tachylyte,  while  the  others  show  a  great 
variety  of  micro-structure,  into  which  true  glass  enters  in  some 
proportion.  The  outermost  band  is  that  which  in  a  hand-specimen 
is  conspicuous  for  its  jet-like  colour  and  lustre,  while  the  others 
have  a  more  subdued  aspect — pitchy,  resinous,  or  quite  dull. 

The  actual  tachylyte  is  extremely  dark,  becoming  transparent 
only  in  very  thin  slices  or  finely  crushed  splinters.  It  shows  then 
a  deep  brown  colour,  usually  a  reddish  or  yellowish  brown,  but 
sometimes  with  an  olive  tone.  It  is  not  always  homogeneous,  but 
often  shows  minute  opaque  spots  or  scarcely  resolvable  aggregates 
of  dust  of  the  kind  termed  "  cumulites."  There  are  as  a  rule  no 
distinct  crystallites,  but  an  occasional  small  phenocryst,  usually  of 
felspar,  may  be  enclosed  here  as  well  as  in  the  other  bands. 
Scattered  microscopic  amygdules,  either  spherical  or  ovoid,  occur  in 
some  cases. 

The  succeeding  bands  have  not  usually  the  opacity  of  the  true 
tachylyte,  but  show  various  depths  of  brown  coloration,  and  also 
differ  in  the  nature  of  their  structures.  Crystalline  or  crystallitic 
matter  enters  in  various  ways,  and  its  proportion  relative  to  the 
glassy  base  does  not  always  decrease  progressively  outwards.  The 
several  bands  are  fairly  well  defined,  but  the  sharpest  division  is 
usually  that  which  separates  the  penultimate  one  from  the  border 
of  true  tachylyte.  The  principal  varieties  of  micro-structure 
depend  upon  the  presence  of  different  spherulitic  growths  and  of 
crystallites,  and  upon  the  extent  to  which  these  encroach  upon  the 
glassy  base. 

The  spherulites  are  usually  from  j^  to  -^  inch  in  diameter, 
though  both  smaller  and  larger  examples  have  been  found.  They 
may  be  isolated  in  a  glassy  matrix  or  closely  packed  to  make  up 
the  whole  of  a  particular  band.  In  the  former  case  they  are  sharply 
bounded,  with  a  spherical  or  ovoid  outline,  a  ragged  or  irregularly 
stellate  form  being  rarely  found ;  in  the  latter  case  they  show  poly- 
gonal boundaries,  due  to  mutual  interference.  Sometimes  again 
spherulites  in  a  glassy  matrix  coalesce  in  rows  parallel  to  the  wall 
of  the  dyke.  The  spherulites  are  always  paler  than  the  glass,  and 
when  best  developed  show  a  strong  yellowish  brown  colour  in  thin 
slices.  The  centre  of  each  spherulite  is  of  a  deeper  brown  colour, 
which  fades  gradually  into  a  paler  tint  towards  the  periphery.  There 
can  be  little  doubt  that  the  colour  of  the  spherulites  results  mainly 
from  an  admixture  of  glass  in  the  interstices  of  the  felspar  fibres 
which  constitute  the  essential  element  of  the  structure.  The  pro- 
portion of  glass  varies  in  different  cases,  and  is  higher  in  the  centre 
than  at  the  periphery.  The  appearance  between  crossed  nicols 
agrees  with  this.  In  some  cases  spherulites  of  dark  colour  are 
sensibly  isotropic,  but  the  more  ordinary  examples  depolarise  very 
decidedly.  This  is  most  pronounced  in  the  paler  spherulites,  and 
especially  so  in  the  pale  peripheral  zone,  where  the  birefringence 
approximates  to  that  of  a  felspar.  Some  indication  of  radiate 
structure  may  or  may  not  be  perceptible  in  natural  light,  but  it  is 
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seen  with  the  aid  of  crossed  nicols,  whenever  the  depoUuisation  is 
sufficiently  strong.  The  dark  brashes,  having  more  or  less  roughly 
the  "  black  cross "  arrangement,  are  most  distinct  in  the  cater 
portion  of  each  spherulite.  As  a  rule  there  is  a  certain  irregularly 
tufled  appearance,  as  if  the  fine  fibres  were  grouped  in  sub- 
parallel  bundles,  the  bundles  rather  than  the  individual  fibres 
having  the  radiate  disposition. 

In  exceptional  cases  there  are  features  which  are  not  easily 
explained  by  our  simple  conception  of  these  spherulites  as  aggreg^ 
ates  of  felspar  fibres  with  interstitial  brown  glass.  A  specimen 
from  Ben  Lee,  near  Sligachan,  consists  in  one  band  of  closely 
packed  spherulites  about  ^^j^  inch  in  diameter,  which,  though 
strongly  depolarising,  are  of  a  deep  colour  (Fig.  71,  E).  Each 
spheinilite  is  built  up  of  several  distinct  tufbs  or  irregular  sectors, 
of  which  some  ai'e  deep  brown,  while  others  have  a  grey  or  fisiwn 
colour.  They  are  quite  strongly  pleochroic,  the  brown  portions 
showing  a  stronger  absorption  for  vibrations  in  the  direction  of  the 
radius  and  the  grey  portions  for  vibrations  in  the  transverse  direc- 
tion. Almost  identical  phenomena  have  been  described  by  Prof. 
Grenville  Cole*  in  a  tachylyte  from  Ardtun  in  Mull.  In  our  rock 
the  pleochroism  is  stronger  in  the  brown  parts  than  in  the  grey, 
and  certain  of  the  latter  which  have  a  rather  browner  tone  than 
the  rest  behave  like  the  brown  parts  as  regards  the  direction  of 
stronger  absorption.  Prof.  Cole  suggests  that  the  phenomena 
may  be  due  to  the  presence  of  fibres  of  some  pleochroic  mineral, 
perhaps  an  alkali-bearing  pyroxene,  as  an  element  in  the  spherul- 
itic  aggregate.  This  is  possible,  though  it  is  not  easy  to  specify  any 
known  mineral  whicli  is  likely  to  occur  and  possesses  the  required 
quality  of  pleochroism.  An  alternative  explanation  might  perhaps 
be  based  on  the  fact  that  colourless  anisotropic  ciystals  may  acquire 
pleochroism  when  stained. t  It  is  to  be  remarked,  however,  that 
the  brown  and  grey  parts  of  the  spherulites  differ  also  in  respect  of 
optical  orientation.  In  the  fomier  the  fibres  have  the  **  positive  " 
character,  i.e.  the  axis  of  optical  elasticity  most  nearly  parallel  to 
the  length  of  the  fibre  is  the  least  axis.  The  grey  sectors  are 
**  negative,"  but  those  of  a  browner  grey  tint  which  resemble  the 
brown  parts  in  the  quality  of  their  pleochroism  resemble  them  also 
in  being  positive.  In  all  cases,  then,  the  least  axis  of  optical  elas- 
ticity corresponds  with  the  stronger  absolution.  These  facts 
perhaps  point  to  the  presence  of  actual  pleochroic  fibres  mingled 
with  the  felspar,  and  apparently  to  the  presence  of  two  different 
pleochroic  minerals,  one  in  the  brown  sectors  and  the  other  in  the 
grey. 

As  probably  distinct  from  spherulites,  we  may  mention  the 
occurrence  in  some  cases  of  dark  spherical  spots,  often  coalescing 
into  botryoidal  aggregates,  which  show  no  apparent  structure  and 
have  no  reaction  upon  polarised  light.  These  are  perhaps  of  a 
'*  concretionary  "  rather  than  a  spherulitic  nature. 

*Quait.  Jouni,  Oeol  Soc,  vol.  xliv.,  p.  302,  pi.  XI.,  fig.  2  ;  1888. 
+  NVeinschcnk,  Zeits.  anorij.  Chem.,  vol.  xii.,  p.  377  v  1896. 
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Apart  from  the  felspar  fibres  of  the  spherulites  and  the  globulitic 
separation  of  iron-oxide  in  the  glass,  distinct  crystallitas  are  not 
very  characteristic  of  the  rocks  under  discussion.  When  present, 
they  are  of  the  usual  minerals — ^felspar,  olivine,  and  probably 
augite,  this  last  generally  decomposed.  Fibrous  terminations, 
sheaf-like  groupings,  skeletal  forms,  and  other  characteristic  habits 
are  found ;  but  we  can  rarely  see  any  indication  of  crystallites, 
other  than  the  fibres  of  felspar,  entering  into  the  radiate  arrange- 
ment of  the  spherulites. 

After  the  foregoing  general  description  a  few  examples  will 
suflBce  to  exhibit  the  kind  of  variety  met  with  among  these  rocks. 
A  simple  case  is  illustrated  by  a  small  dyke  on  the  north-west  face 
of  Marsco.  The  hand-specimen  is  a  very  compact-looking  basalt 
showing  rare  crystals  of  augite  and  labradorite  and  rather  numerous 
patches  of  iron  pyrites.  At  about  1^  inch  from  the  edge  the  rock 
begins  to  assume  a  dull  pitchy  lustre,  and  this  becomes  gradually 
brighter,  but  the  final  change  to  the  true  tachylyte  selvage  is,  as 
usual,  rather  an  abrupt  one.  A  thin  slice  [8845]  shows  the 
compact  basalt  of  the  interior  to  consist  of  minute  prisms  of 
felspar,  granules  of  augite,  and  skeleton  growths  of  magnetite, 
with  only  a  small  amount  of  glassy  base.  In  the  pitchstone-like 
portion  this  last  is  in  much  greater  quantity :  the  little  felspars  are 
still  very  abundant,  but  the  augite  granules  become  scarcer.  Then 
the  felspars  also  disappear,  and  the  rock  becomes  a  deep  yellowish- 
brown  glass,  crowded  with  minute  shadowy  objects  difficult  to 
resolve.  There  are,  however,  dark  globulites  of  iron-oxide,  collected 
into  nebulous  patches  ("  cumulites  "),  within  which  are  darker  spots 
caused  by  a  condensation  of  the  same. 

A  2^-inch  dyke  from  Meall  Odhar  Beag,  near  Sligachan,  appears 
very  compact  throughout,  though  with  only  dull  lustre  in  the 
interior.  The  actual  selvages  are  of  black  glass  with  fine  fissures, 
which  show  as  curved  perlitic  cracks  on  the  contact-surface.  A 
slice  [8846]  shows  rare  crystals  of  felspar  and  green  augite,  about 
-j-J^  inch  long,  distributed  through  the  dyke.  The  general  mass 
shows  marked  banding  throughout.  The  central  part  consists  of 
narrow  bands  alternately  lighter  and  darker,  an  appearance 
dependent  on  the  smaller  or  larger  proportion  of  glassy  base. 
Crystallites  are  in  this  case  very  abundant  and  of  more  than  one  kind, 
the  most  conspicuous  being  SKeletons  of  felspar,  often  with  forked 
extremities  (Plate  XXIII.,  Fig.  1,  B).  The  darker  bands  are 
almost  opaque  except  for  these  crystallites.  At  about  -^  inch 
from  the  edge  of  the  dyke  this  almost  opaque  portion  gives  place 
to  a  light  brown  band  irregularly  fissured  and  composed  of  closely 
packed  spherulites  about  y^  inch  in  diameter.  This  is  succeeded 
by  a  narrow  band  containing  small  oval  spherulites  isolated  in  a 
glassy  ground.  The  latter  is  opaque  in  a  thin  slice,  and  the  same 
is  true  of  the  selvage,  -^  inch  wide,  of  actual  tachylyte  which 
follows. 

From  N.W.  of  the  summit  of  Ben  Lee,  in  the  same  neighbour- 
hood, comes  another  2^-inch  dyke  or  vein,  which  in  a  hand-specimen 
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closely  resembles  the  preceding.  In  thin  elicee  it  shows  a  banded 
stracture  throughout,  uie  succaseive  bands  exhibiting  considerable 
variety  of  character,  as  shown  in  the  acGompanyingfigiire(Fig.  71). 

About  half  a  mile  E.S.E.  of  Loch  Mhic  Charmii^l,  in  the  Sleat 
peninBula,  n  thin  basalt  sill  (specific  gravity  of  the  interior  2-82J 
passes  at  the  edge  into  a  black  glass.  In  a  thin  slice  [6854]  this 
shows  a  deep  brown  colour,  with  only  vague  indications  of 
crystallites.  A  little  farther  from  the  edge  the  rock,  stiU  in  the 
main  glassy,  is  crowded  with  fine  felspar  fibres  and  vrith  minute 
rods  of  magnetite  disposed  in  two  sets  to  build  a  rectangular 
grating. 

A  rock  collected  by  Mr  Clough  at  Camas  Daraich,  near  the  Point 
of  Sleat,  is  of  interest  as  possibly  throwing  light  on  the  minute 
structures  of  some  of  these  semi-vitreous  basalts,  nere  presented  on 
a  larger  scale.  The  rock  is  seen  near  the  middle  of  ^e  little  bay 
as    an    irregular  sheet  one   or   two   feet   thick   running   nearly 
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Fli!.  71.— MRrpin  of  flmall  liaanlt  dyke,  N.W.  of  Ben  Lee,  near  Sligactuo) ; 

X  10.     TniB  figure  in  merely  diagrammatic. 

A.  Interior  of  dyke,  very  dark  in  the  slice,  but  crowded  with  minute 
felsitar  micr<ilitei;  and  enclosing  locally  groups  of  little  felspw  cryBtala. 

B.  Narrow  Hiilienilitic  Imnd,  birefringent  but  without  any  good  "black 

C.  Dark    aiihorical   bodios   i>f    concretionary   nnturo,    without  action   on 
polarised  light. 

D.  Single  IhvikI  of  Kiiiall  tpherulites  like  G,  and  narrow  eeani  of  black 
glasH. 

E.  Pluocliroic  aphcrulitcs,  descril>ed  in  text,  \i.  344. 

F.  Band  full  of  obscure  spherical  bodies  giving  no  reaction  lietween  crossed 

G.  Minute  KpheiulituH,  coalescing  into  bandw. 
11.  Black  glaKS  forniing  iictual  edge  of  dyke. 

horiKontally  through  a  series  of  contorted  granulitic  gi-ita.*  It  is 
a  thoroughly  basic  rock,  of  speciific  gravity  2'92,  and  consists 
almost  wholly  of  spherules,  often  as  much  as  2^  or  3  inches  in 
diameter,  lliey  are  nsnally  eo  closely  lacked  as  to  leave  little  or 
no  interetitial  space,  and  consetjuently  assume  polyhedral  outlines. 
In  hand-specimens  the  rock  is  dark  grey  or  almost  black,  with  the 
peculiar  sheen  due  to  innumerable  slender  fibres,  which  are  seen  to 
have  a  radial  onangenient  about  the  centres  of  the  individual 
aphemles.  Thin  slices  [7845,  etc.]  show  that  these  fibres  are  of 
felspar,  probably  labradorite,  and  that  they  form  the  bulk  of  the 
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rock.  The  other  minerals  are  olivine,  in  crystals  ir^(7  to  -Aj^  inch 
in  diameter ;  augite,  in  granules  and  patches  of  about  the  same 
size;  and  magnetite  in  octahedra  and  granules  still  smaller 
(PI.  XXIII.,  Fig.  2,  A).  The  olivine  often  builds  good  crystals, 
bounded  by  the  forms  m  (110),  k  (021),  and  b  (010);  but  the 
augite  has  a  subophitic  arrangement.  This,  the  prevalent,  type  of 
the  rock  has  very  little  residuaJ  base.  A  blacker  and  more  lustrous 
specimen,  however,  taken  nearer  to  the  surface  of  the  sill,  is  seen 
in  the  slice  [7846]  to  contain  an  abundance  of  brown  glass.  Here 
the  divergent  fibres  of  felspar  are  more  slender,  and  the  augite  and 
magnetite  specks  smaller,  while  the  olivine  takes  the  form  of  little 
skeleton  crystallites.  These  are  elongated  parallel  to  the  6t-axis  of 
crystallography,  and  are  hemimorphic  with  reference  to  the  &-axis. 
They  have  forked  terminations,  and  are  often  little  more  than 
shells  occupied  in  the  interior  by  glass  (PI.  XXIII.,  Fig.  2,  B). 
At  the  actual  surface  of  the  sill  there  is  a  thin  tachyljrtic  selvage, 
perhaps  -^  inch  in  thickness.  The  special  interest  of  this  sill  is 
that  it  presents  on  a  relatively  large  scale,  and  in  an  unusually 
fresh  state,  that  type  of  spherulitic  structure,  often  called  variolitic, 
which  is  associated  with  basaltic  rocks.  In  most  "  variolites " 
which  have  been  described  the  structure  is  on  a  much  more  minute 
scale,  and  is  obscured  in  varying  degree  by  subsequent  chemical 
changes. 

There  remain  to  be  noticed  the  less  basic  tachylyteB,  not  corre- 
sponding in  composition  with  normal  basalts,  and  in  some  cases 
resembling  in  this  respect  the  type  which  we  have  named 
mugearite.  Here  we  no  longer  find  the  strong  tendency  of  the 
glass  to  concentrate  as  a  thin  purely  vitreous  band  at  the  actual 
margin,  nor  again  the  rapid  variation  in  successive  narrow  bands 
differing  in  micro-structure.  Typically  we  find  a  considerable 
proportion  of  glass  throughout  what  may  be  a  rather  broad  border, 
measuring  several  inches,  with  only  gradual  change  in  micro- 
structure  in  this  distance.  The  glass  itself  is  commonly  paler 
than  in  the  true  basaltic  tachylytes,  and  is  sometimes  quite 
colourless  in  thin  slices.  Judged  by  the  specimens  that  we  have 
examined,  there  seems  to  be  much  less  tendency  to  micro- 
spherulitic  structures.  On  the  other  hand,  there  may  be  a  much 
greater  development  of  crystallitic  growths,  sometimes  assuming 
complex  groupings  which  have  the  general  effect  of  spherulites 
of  relatively  large  dimensions.  These  characteristics  are  not  set 
forth  as  absolute,  and  examples  are  found  in  this  group  of 
tachylytes  which  reproduce  in  some  measure  special  features 
already  described  in  the  former  group. 

The  dyke  of  Am  Bile  or  ''the  Beal"  is  an  illustration  of  the  last 
remark.  The  passage  from  the  crystalline  interior  to  the  vitreous 
edge  of  the  dyke,  though  not  abrupt,  is  rapid,  and  is  completed 
within  a  distance  of  2  or  3  inches.  The  glass  itself,  though  not 
nearly  opaque,  is  of  a  yellowish  to  reddish  brown  colour.  The 
mainly  glassy  part,  though  without  marked  parallel  banding, 
exhibits  some  variety  of  structure.     It  is  partly  spherulitic,  but 
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thtr  nph^ruiit^r-i,  excepting  their  darker  centres,  scarcely  differ  from 
the  fiurr^un'iirjg  glai:.»  in  colour,  so  that  their  ontlinea  are  usnallr 
invii^ible  in  natural  light.  These  outlines  are  often  irregnlarlr 
X//A)\«zt\.  The  j-phenjlitea  are  about  ^  inch  in  diameter,  have  an 
evident  rs/liate  structure,  and  depolarise.  In  both  sphemlites  and 
matrix  there  are  numerous  little  round  spots  of  dark  brown  with  a 
narrow  pfiler  Verier,  which  have  no  action  on  polarised  light. 
iVofe-rrorr  Jufld  and  Cole  have  remarkerl  in  this  tachylyte  felspar 
rrryataU  deeply  honey comV^ed  with  glass-inclusions.*  These  are  of 
cle?ir  orthof'las*'  or  .-anidine.  They  occur  also  in  the  interior  of 
\\\i'  dyke,  and  are  f^erhap??  xenocrj-sts.  The  glass  also  encloses 
fTVHtalH  of  oligfxla.se,  which  are  not  corroded,  and  both  felspars 
have  Hervd  as  nuclei  for  fsph*-rulitic  growths. 

Thin  nx;k,  belonjring  in  virtue  of  its  chemical  composition  to  the 
present  jrronp  rath^T  than  to  the  fonner,  is  in  petrographical 
chara^;t*frH  intf-rmerliate  l>etween  the  two. 

The  nnxt  dyke  to  be  notice^l  occurs  at  Allt  Tliuill,  in  the  Sleat 
district,  and  lias  ali*eady  l)eHn  referred  to  as  showing  an  nnusnal 
tliir;kneHH  of  vitreous  or  semi-vitreous  rock.  The  central  portion, 
without  noticeable  lustre,  contains  only  a  small  proportion  of 
int.4frHtitial  glass.  There  are  little  narrow  rods  of  augite,  from  t^j^ 
inch  downward,  often  hollow  or  with  brush-like  extremities; 
narrow  twinned  crystals  of  oligoclase,  about  the  same  size  or  less; 
minuter  crystals  of  magnetite  and  needles  of  apatite,  and  perhaps  a 
littli*.  ortluMilaHe  [5429].  The  vitreous  margin  of  the  dyke  appears 
vi^ry  (lark  in  thin  slices  [r)428,  8851].  This,  however,  is  not  due  to 
any  (vilour  in  the  glass  itself,  but  to  a  dense  cliarge  of  finely 
divided  magnet iti^  in  a  perfectly  colourless  glassy  base.  There  ai*e 
abundant  crystallites  in  addition  to  this,  including  augites  with 
l)niHli-liko  terminations,  just  like  those  noticed  above,  and  felspar 
rods  of  more  miuut(^  siz(\  This  liif,dily  vitreous  marginal  portion 
of  tlie  dyke  pasties  ^rathially  into  the  more  crystalline  interior 
without,  any  noticea])!^  I)an(lin^. 

A  {\\\\i^  to  th(*  south  of  Loch  Ashik,  near  Broadford,  is  in  great 
part  vitreous  thrniinliout  its  width  of  six  inches  or  more.  The 
interior  .hikI  prinei])al  portion  has  a  pitchy  lustre,  while  the 
selva«^es  are  of  ])lae.Iv  ijfljiss,  oxtendin^^  inward  for  an  inch,  or  even 
in  plaees  two  inelies,  though  interrupted  by  narrow  bands  of 
duller  aspeet.  Throuuhout  there  are  bodies  which  look  like  large 
s]>herulites.  rather  shadowy  in  appearance  except  where  accentuated 
by  weathering.  In  the  interior  they  range  up  to  ^  inch  in 
diameter,  and  are  rather  elosely  packed:  towards  the  edge  of  the 
dvke  thev  diminish  to  h'ss  than  ..\.  inch,  and  are  isolated  in  the 
matrix.  Slii'es  o{  the  interior  portion  show  a  peculiar  structure, 
the  most  prominent  teaturo  being  innumerable  dark  rods  set  in  a 
elear  eolourless  matrix.  Parallel  rods  are  elosely  ranged  in 
groui^s.  whii'h  interlace  at  various  angles:  and  it  is  a  roughly 
radiati^  arrangement  of  the  groups,  not  of  the  individual  rods,  that 
imparts  the  ipiasi-spherulitic  structure.     The  interspaces  between 

'  K}u,\rt.  .'iM.r»;.  <,'.,  .\  ^'.v..  vol.  \\\i\..  pp.  -lol*,  J>1.   XIII..  tiyfS.  o,  5  :   1S8^\ 
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the  spherical  bodies  have  a  constitation  not  very  dissimilar,  but 
here  the  rods  are  shorter  and  have  a  less  regular  arrangement. 
The  colourless  base  is  isotropic  and  clearly  glassy.  Towards  the 
centre  of  each  "  spherulite,"  where  it  is  in  rather  greater  force 
relatively  to  the  dark  rods,  it  develops  numerous  little  felspar 
microlites,  occasionally  with  radiate  grouping,  and  there  may  be  a 
group  of  small  felspar  crystals  with  octahedra  of  magnetite  at  the 
actual  centre.  The  felspar  always  gives  sensibly  straight 
extinction,  and  is  presumably  oligoclase.  The  dark  rods  which 
are  so  prominent  a  feature  of  the  rock  are  not  easily  identified  in 
all  cases.  In  some  places  they  seem  to  be  opaque,  and  have 
irregularly  serrate  e^es  suggesting  a  string  of  octahedra  of 
magnetite  (Plate  XXIII.,  Fig.  1,  A).  In  other  places  they  are 
transparent,  with  the  strong  birefringence  and  high  extinction- 
angles  of  augite.     These  latter  are  less  abundant. 

The  dark  glassy  selvage  shows  a  curious  patchy  structure  in 
thin  slices  [8848,  etc.].  Portions  are  transparent,  with  a  light 
brown  colour,  and  encloses  only  scattered  opaque  globulites.  The 
other  and  principal  portions  are  dark,  and  present  convex 
botryoidal  boundaries  to  the  paler  patches,  as  if  the  pigment  had 
been  concentrated  by  a  concretionary  process.  Here,  but  not  in 
the  pale  portion,  the  abundant  dark  rods  may  sometimes  be 
detected,  and  we  may  infer  that  these  were  formed  after  the 
concentration  of  the  pigment. 

The  heterogeneous  patchy  nature  of  this  selvage  is  illustrated 
by  some  specific  gravity  determinations  kindly  made  for  us  by 
Professor  Sollas  with  his  difiusion-column.  The  greater  part  of 
the  finely  crushed  powder  gave  from  2*74  to  2*85 ;  but  there  was 
a  heavier  portion  which  gave  2*91,  and  a  much  lighter  portion 
which  gave  254.  The  less  completely  vitreous  interior  of  the 
dyke  gave,  on  a  hand-specimen,  the  specific  gravity  2*72.  Under 
the  microscope  the  greater  part  of  the  powder  is  translucent  only 
in  places  ;  the  denser  part  (sp.  gr.  2*91)  is  almost  all  opaque;  and 
the  lighter  part  (sp.  gr.  2*54)  is  translucent  to  transparent,  with 
a  greyish  or  greenish  brown  colour.  Those  minute  chips  which 
are  not  opaque  show  nevertheless  occasional  perfectly  opaque 
spots,  due  presumably  to  a  separation  of  magnetite. 

The  last  example  to  be  noticed  is  a  dyke  one  foot  wide  from 
about  f  mile  N.E.  of  Kinloch.  It  has  a  black  velvety  appearance 
throughout,  and  is  manifestly  rich  in  glass.  There  are  numerous 
well-defined  bodies  resembling  spherulites,  ^  to  ^  inch  in  diameter, 
scarcely  visible  on  a  fresh  fracture,  but  very  evident  on  a  weathered 
surface.  In  thin  slices  [8850,  etc.]  these  resemble  in  general 
character  the  "  spherulites  "  in  the  preceding  rock,  having  only  a 
rude  approach  to  the  radiate  structure.  Here,  however,  the  rods 
are  of  augite,  often  barred  across  at  short  intervals  by  magnetite 
(Plate  XXIV,,  Fig.  1,  A).  They  are  embedded  in  a  colourless 
glass,  which,  however,  assumes  a  pale  brownish  tint  in  the 
peripheral  zone  of  each  **  spherulite."  The  interspaces  do  not 
difier  essentially  from  the  "  spherulites  "  themselves.     The  latter 
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have  the  character  described  throughout  the  greater  part  of  their 
mass,  but  towards  the  centre  of  each  little  crystallites  of  felspar 
begin  to  develop  in  the  colourless  glass.  At  the  centre  the 
interstitial  glass  is  reduced  to  a  minimum,  and  the  essential 
constituents  are  interlacing  crystallites  of  felspar,  augite,  and 
magnetite.  The  felspar  is  mainly  oligoclase,  but  there  are  some 
broader  and  more  shapeless  elements  which  are  probably  ortho- 
clase  (Plate  XXIV.,  Fig.  1,  B). 

We  may  suppose  with  some  probability  that  the  colourless 
interstitial  glass  in  these  rocks  has  approximately  the  composition 
of  an  oligoclase,  perhaps  with  some  admixture  of  potash-felspar ; 
the  iron  as  well  as  the  magnesia  being  entirely  contained  in  the 
crystallitic  elements,  a  feature  never  found  in  the  normal  basalt 
tachyl3rte8.  The  apparent  absence  of  olivine  and,  in  the  last  rocky 
the  presence  of  abundant  augite,  suggest,  however,  that  the 
composition  differs  from  the  mugearite  type  by  a  higher  content  of 
silica  and  lime. 

There  are  some  dykes  in  the  south-eastern  part  of  Skye  which 
closely  resemble  the  one  last  described  in  many  respects,  but  are 
wholly  crystalline.  One  occurs  at  LOn  Buidhe,  near  Heast.  A 
thin  slice  [5771]  shows  grouped  rods  of  augite  set  in  a  clear 
colourless  matrix,  and  has  much  the  same  appearance  as  the 
preceding;  but  polarised  light  shows  that  the  clear  interstitial 
substance  is  here  oligoclase.  This  felspar  has  a  radiate  arrange- 
ment about  centres,  building  distinct  spherulit^s  about  \  inch  in 
diameter,  and  we  may  even  observe  a  brownish  tint  in  the 
peripheral  zone  of  each  spherulite,  as  in  the  former  case.  Such 
rocks  have  decided  affinities  with  those  to  be  described  as  trachy- 
andesites  (Chap.  XXTIL),  and  such  evidence  as  we  have  concerning 
the  age  of  the  less  basic  tachylytes  would  permit  of  their  being 
assigned  to  the  same  late  epoch. 
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CHAPTEK  XX. 
Basic  Dykes:  Xenoliths. 

An  account  of  the  basic  dykes  of  Skye  would  not  be  complete 
without  some  notice  of  the  foreign  or  derived  material  which,  in  the 
form  of  distinct  rock  fragments  (xenoliths)  or  isolated  crystals 
(xeaocrysts),  is  found  enclosed  in  so  many  of  the  dykes.  This 
peculiarity  is  observable,  in  different  degrees,  in  other  groups  of 
intrusive  rocks  described  in  this  memoir.  We  have  seen  that  in 
certain  circumstances  the  granite  becomes  crowded  with  partially 
digested  d6bris  of  gabbro.  The  composite  intrusions,  dykes  and 
sills,  consisting  of  associated  basic  and  acid  rocks,  exhibit  more 
remarkable  phenomena  of  the  same  order.  The  ordinary  basic  sills 
of  the  plateaux  seem  to  be  very  poor  in  xenoliths ;  but  in  the 
inclined  basic  sheets,  to  be  described  later,  which  intersect  the 
gabbro  mountains,  and  in  the  basic  dykes  throughout  much  of  the 
area  surveyed,  derived  material,  usually  debris  of  plutonic  rocks, 
occurs  with  remarkable  frequency. 

"We  may  divide  xenoliths  in  general  into  two  classes,  those  which 
are  merely  accidental  and  those  which  are  cognate  with  the  enclosing 
rock.*  The  former  are  such  as  may  be  enclosed  in  almost  any 
igneous  rock,  and  represent  merely  fragments  picked  up  by  the 
magma  from  the  "  country  "  rocks  which  it  has  traversed.  Under 
the  latter  head  we  include  those  cases  in  which  there  is  a  genetic 
relationship  between  the  enclosed  and  the  enclosing  rocks,  and 
here  the  xenoliths  have  probably  a  deeper  significance.  The 
facility  with  which  the  various  Tertiary  intrusive  rocks  of  Skye 
have  enclosed  relics  of  one  another  seems  to  be  a  characteristic  of 
the  whole  series.  In  many  cases  the  dissolution  of  the  enclosed 
foreign  debris  has  materially  modified  the  composition  of  the 
enveloping  magma,  and  so  of  the  resulting  solid  rock.  We  proceed 
to  describe  a  few  selected  examples  illustrative  of  the  phenomena. 

The  most  remarkable  instance  of  accidental  xenoliths  is  afforded 
by  a  dyke  which  crosses  the  long  southerly  ridge  of  Blath-bheinn 
at  about  1300  feet  altitude.  It  is  a  conspicuous  object,  having  a 
width  of  about  27  feet,  and  presenting  at  a  glance  the  appearance 
of  a  quartz  conglomerate.  Pebbles  and  fragments  of  white  quartz 
and  quartzite,  sub-angular  or  rounded,  up  to  several  inches  in 
diameter,  are  crowded  together  in  a  greenish-grey  diabasio-looking 
matrix.    The  dyke  is  one  of  those  already  referred  to  as  repre- 

*  Cf,  Harker,  Joum.  of  Oeol.,  vol.  viii.,  p.  394 :  1900. 
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senting  some  of  the  feeders  of  the  gabbix)  lacolite :  traced  north- 
westward it  is  found  to  be  continuous  with  the  gabbro,  which  itself 
at  this  place  encloses  pebbles  of  quartz.*  Similar  zenoliths  are 
found  in  abundance  in  irregular  sheet-like  intrusions  of  granophyrc 
close  to  this  place  and  on  the  slope  farther  south. 

The  purely  accidental  nature  of  these  xenoliths,  consisting  of 
vein-quartz  and  quartzite,  is  of  course  obvious.f  But,  even  if  they 
had  been  of  some  igneous  rock,  their  narrow  restriction  to  one 
locality  and  the  fact  that  at  that  locality  they  are  found  in  three 
different  kinds  of  intinisive  rocks  would  be  sufficient  to  prove  that 
no  close  genetic  relationship  can  exist  in  this  case  between  the 
xenoliths  and  their  enclosing  matrix.  In  this  case  the  probable 
source  of  the  foreign  material  can  be  pointed  out  in  the  near  vicinity. 
The  Triassic  conglomerate,  as  seen  in  some  steep  crags  overlooking 
the  foot-path  to  Strathaird,  J  is  locally  composed  of  quartz-pebbles ; 
and  although  some  of  the  quartz-fragments  enclosed  in  the  dyke 
are  of  larger  size  and  more  angular  shape,  it  is  probable  that  better 
exj)osurft8  might  enable  us  to  match  these  too  from  the  conglomerate 
in  place.  The  subjacent  Torridonian  grits  also  contain  abundant 
small  pebbles  of  quartz,  which  are  doubtless  the  chief  source  of  the 
xenoliths  in  the  granophyre  sheets,  and  may  have  contributed  also 
to  those  in  the  dyke. 

Thin  slices  of  the  conglomeratic  dyke  show  numerous  points  of 
interest  [7478,  7479],  The  enclosed  quartz-pebbles  exhibit  strain- 
shadows  in  polarised  light,  and  are  often  traversed  by  fine  fissures. 
These  are  probably  mechanical  effects  of  the  heating,  and  from  the 
same  cause  the  quartz  has  been  broken  up  into  fragments,  the 
smaller  debris  being  distributed  through  the  general  matrix. 
Reactions  have  taken  place  at  the  contact  of  the  quartz  with  the 
onveloping  magma.  As  seen  in  the  slices,  the  boundary  of  a  pebble 
is  often  internij)ted  ])y  gulf-like  inlets,  occupied  mainly  by  felspar 
in  narrow  crytstals  or  elongated  fibres.  Very  often  curved  fibres  of 
ielspar  ar(^  crowded  together  in  divergent  or  imperfectly  radiate 
aggregates,  recalling  the  structure  of  some  variolitic  rocks  ;  but,  if 
we  may  judge  ])y  the  nearly  straight  extinction  of  the  fibres,  the 
ft»lspar  is  here  of  an  acid  species  (IM.  XXIV.,  Fig.  4).  From  these 
inlets  narrow  veins,  also  consisting  essentially  of  little  needles  and 
fibres  of  felspar,  penetrate  tlie  fiuartz  of  the  pebble.  The  outer 
boundary  of  the  pebble  often  shows  a  border  with  a  similar  develop- 
ment of  fine  felspar  needles,  but  these  are  here  associated  with 
abundant  pyroxene :  a  like  border  often  surrounds  the  fragments 
resulting  from  the  breaking  upoftlie  pebbles. 

The  matrix  in  wliich  the  pebbles  are  set  is  a  rock  of  a  peculiar 
kind,  representing  an  originally  basic  magma  greatly  modified  by 
absorption  of  silica.     It  does  not  appear  that  silica  has  crj^stallised 

*The  spot  is  just  5(X)  yards  east  of  the  most  easterly  jmint  of  Loch  na 
Creitheach. 

+  The  dyke  locally  contains  a  few  xenoliths  of  j^ranite,  which  are  of 
different  significance,  and  fall  under  the  *' cognate"  category. 

+  The  l)ranch  passing  east  of  An  t-Sron,  now  generally  disused. 
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out,  as  such,  from  the  magma ;  the  abundant  quartz  foimd  being 
rather  mechanically  derived  from  the  xenoliths ;  but  the  actual 
products  of  crystallisation  none  the  less  bespeak  an  abnormal  com- 
position for  the  magma.  They  are,  in  order  of  relative  importance, 
felspar,  enstatite,  and  augite.  There  is  no  olivine  and  little  or  no 
iron-ore.  The  felspar  is  in  rather  irregular  striated  crystals,  refer- 
able by  their  extinction-angles  to  andesine.  The  rhombic  pyroxene 
is  in  idiomorphic  crystals,  usually  ^V  ^  sV  ^^^^  ^  length,  almost 
always  converted  to  gi'een  pleochroic  bastit^.  The  colour  of  this 
latter  indicates  a  certain  content  of  iron,  but  where  the  original 
mineral  is  preserved  it  shows  the  pale  tint  of  enstatite.  This  is 
especially  in  the  neighbourhood  of  the  quartz,  and  possibly  the 
rhombic  pyroxene  was  not  all  of  the  same  composition.  The  augite 
is  in  shapeless  grains,  very  pale  in  the  thin  slices. 

Assuming  the  magma  to  have  had  originally  the  composition  of  a 
dolerite,  as  the  field-evidence  indicates,  it  is  manifest  that  it  has 
been  greatly  modified  by  absorbing  silica  from  the  enclosed  xenoliths. 
It  is  also  noteworthy  that  the  rock  has  not  the  relatively  coarse 
texture  and  the  characteristic  micro-structure  of  a  dolerite.  Doubt- 
less the  inclusion  of  so  large  a  quantity  of  foreign  material,  derived 
from  cold  rocks,  caused  a  relatively  rapid  cooling  of  the  magma. 

Among  the  dykes  met  with  in  our  survey  instances  are  rare  in 
which  accidental  xenoliths  play  so  prominent  a  part  as  in  the  case 
just  described.  Two  dykes  traversing  the  coarse  pebbly  sandstones 
of  the  Torridonian  (Applecross  group)  of  the  Isle  of  Scalpay  may 
be  mentioned.  One  occurs  on  the  western  slope  of  Mullach  na 
C&m,  and  is  a  large  dyke  containing  abundant  xenoliths  near  one 
edge  only ;  the  other,  to  the  north  of  Bealach  B&n,  also  shows  a 
somewhat  uneven  distribution  of  the  included  material.  In  both 
cases  pebble-like  inclusions  of  quartz  and  quartzite  are  accompanied 
by  pieces  of  granite,  presumably  derived  from  a  deep-seated  source, 
so  that  both  accidental  and  cognate  zenoliths  seem  to  be  repre- 
sented. Mr  Woodward  has  remarked  a  dyke  carrying  abundant 
pebbles  at  Budha  nan  Leac  on  the  east  coast  of  Baasay,  where  it 
intersects  the  red  sandstone  of  the  Trias. 

The  remarks  made  in  a  former  chapter  concerning  the  necessarily 
abnormal  composition  of  mixed  or  hybrid  igneous  rocks  apply  with 
greater  force  to  such  cases  as  these,  where  a  molten  rock-magma 
has  enclosed,  and  in  part  dissolved,  extraneous  material  of  non- 
igneous  origin.  The  resulting  rock,  even  excluding  any  undis- 
solved relics  of  the  xenoliths,  must  have  a  chemical,  and 
consequently  a  mineralogical,  composition  unlike  those  of  any 
rock  resulting  from  the  crystallisation  of  a  pure  rock-magma.* 

The  cognate  xenoliths  and  xenocrysts  in  our  basic  dykes  come 
mainly  from  two  rocks,  gabbro  and  granite :  other  types,  such  as 
troctolite,  are  more  rarely  represented.    It  is  of  the  first  importance 

*  The  special  case  of  a  magma  which  has  disaolyed  quartz  of  extraneous 
origin  is  considered  in  the  paper  already  cited  :  see  Joum,  of  Oeol.^  vol.  viii., 
pp.  396,  396,  and  ficj.  3  ;  1900. 
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to  notice  that,  on  the  one  hand,  they  are  ah^ys  of  rocks  familiar 
among  the  Tertiary  intrasions  of  the  region ;  on  the  other  hand, 
the  sitnation  and  proved  age  of  the  dykes  are  often  Bnch  that  the 
xenoliths  cannot  be  derived  from  any  known  mass  of  the  said 
rocks  in  the  vicinity.  This  independence  of  the  country  rocks  is 
to  be  regarded  as  a  characteristic  of  cognate  xenoliths.  As  regards 
distribution,  it  may  be  remarked  that  the  phenomenon  is  not  con- 
fined to  any  one  type  of  dykes,  but  it  is  specially  frequent  in 
certain  of  the  groups  which  we  are  able  to  distinguish  by  their 
petrographical  characters  and  their  relative  ages.  It  is  very 
common  in  some  of  the  later  groups,  but  comparatively  rare  in  the 
earlier.  This  is  quite  in  accord  with  what  has  been  stated  above ; 
for  the  pre-granitic  dykes  are  doubtless  in  most  cases  feeders  of 
the  lavas,  and  the  immediately  post-granitic  dykes  possibly  feeders 
of  the  sills ;  and  we  have  already  seen  that  the  lavas  do  not  carry 
xenoliths  and  the  normal  basic  sills  do  so  but  rarely. 

The  enclosed  foreign  material  has  often  suffered  considerable 
alteration  in  consequence  of  its  inclusion  in  a  molten  magma. 
Despite  this,  distinct  xenoliths,  even  when  of  quite  minute  dimen- 
sions, are  as  a  rule  easily  recognised  ;  and  even  detached  crystals, 
if  not  totally  destroyed,  are  not  so  much  disguised  as  to  obscure 
their  true  nature.  On  the  other  liand,  there  may  be  some  diflB- 
culty  in  recognising  xenocrj'sts  as  such  in  the  absence  of  charac- 
teristic alteration.  The  changes  experienced  arise  from  two  causes, 
viz.  from  the  mere  heating  of  the  crystals,  which  give  rise  to 
effects  mostly  of  a  mechanical  kind,  and  from  chemical  reactions 
between  the  crystals  and  the  enveloping  fluid  magma.  Changes  of 
the  latter  kind,  which  are  the  more  unmistakable,  are  not  always 
developed.  They  seem  to  depend  generally  upon  the  existence  of 
a  considerable  difference  in  composition  between  the  enclosing  rock 
and  that  which  has  furnished  the  derived  material.*  Where 
debris  from  an  acnd  rock  has  been  enclosed  in  a  basic  magma, 
some  minerals  (the  ferro-magnesian  constituents  in  particular)  are 
often  totally  destroyed,  and  the  rest  (excepting  certain  accessories, 
such  as  zircon  and  a])atite)  have  constantly  suffered  more  or  less 
from  the  caustic  action  of  the  maoma.  A  similar  remark  applies  to 
basic  material  involved  in  an  acid  ma^ma.  But  where  the  debris 
of  a  basic  rock  has  been  enclosed  in  a  l)asic  magma  such  chemical 
reactions  are  by  no  means  universal.  In  particular,  gabbro-felspar 
in  a  l)asalt  or  dolerite  dyke  may  show  little  or  no  sign  of  caustic 
action.  There  seems  to  have  been  in  such  a  case  something  like 
chemical  ecjuilibrium  between  the  crystals  and  the  environing 
medium.  Kvidencte  may  still  be  forthcoming — from  the  form  of 
the  crystals  and  the  nature  of  their  minute  inclusions,  from  their 
unequal  distribution  in  the  dyke  or  their  association  with  actual 
gabbro  xenoliths — sufficient  to  indicate  their  true  origin.  The 
source  of  the  foreign  elements  enclosed  in  the  dykes  will  be  more 

*This  principle,  in  one  form  or  another,  has  been  reco<jjni.sed  by  more  than 
(me  writer  :  see,  e.^.,  Zirkel,  Lehrbuch  d*'r  Vttrrtgraphie,  2nd  ed.,  vol.  i., 
p.  599  ;  189;^. 
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appropriately  considered  after  a  description  of  some  illustrative 
examples. 

Good  instances  of  gahlro  xenoliths  are  afforded  by  the  porphyritic 
basalt  dykes  about  Suardal  and  in  other  parts  of  the  Strath. 
Especially  noteworthy  is  a  50-ft  dyke  a  little  S.W.  of  the  fork  of 
Allt  an  't-Suidhe,  to  the  N.W.  of  Loch  Kilchrist,  where  gabbro 
debris  makes  up  in  places  about  half  the  bulk  of  the  rock.  The 
locality  is  not  far  from  the  exposures  of  the  Kilchrist  granophyre 
with  abundant  xenoliths  of  gabbro.  This  dyke  intersects  the 
volcanic  agglomerate,  but  most  of  the  other  Suardal  dykes  occur  in 
the  Cambrian  limestones.  A  numerous  group  of  dolerite  dykes 
rich  in  gabbro  xenoliths  may  be  examined  to  the  north-east  of 
Camasunary,  viz.  in  the  rocks  of  the  Abhuinn  nan  Leac  valley  and 
in  the  basaltic  lavas  of  the  slopes  above,  rising  to  An  D&  Bheinn  or 
Slat  Bheinn. 

The  appearances  observed  in  thin  slices  of  these  rocks,  or  of 
some  of  them,  may  be  described  briefly.  The  felspars  of  the 
xenoliths  are  sometimes  partially  rounded  where  they  have  been 
in  contact  with  the  molten  magma ;  more  frequently  they  show  no 
such  change,  though  they  may  be  fissured  or  partly  shattered. 
They  may  show  evidently  secondary  inclusions  just  within  the 
border  of  the  crystal  (PI.  XXV.,  Fig.  2,  A),  and  the  very  turbid 
appearance  seen  in  some  cases  is  possibly  attributable  to  more 
numerous  and  minute  inclusions  of  like  origin ;  but  neither  of 
these  phenomena  is  so  general  as  to  be  considered  a  distinctive 
criterion.  Not  infrequently  there  has  been  some  addition  of  new 
felspar-substance,  forming  a  border  continuous  with  the 
xenocryst.  Often  none  of  these  changes  can  be  verified. 
The  augite,  like  the  felspar,  may  show  rounding  and  bands  of 
secondary  inclusions  [7483].  It  is  more  readily  affected  by 
chemical  changes  than  the  felspar.  At  the  junction  of  the  two 
minerals  in  a  xenolith  there  has  sometimes  been  a  mutual  reaction, 
giving  rise  to  prisms  of  brown  hornblende  and  granular  aggregates 
of  magnetite,  set  in  a  matrix  of  new-formed  augite,  new  felspar 
(partly  in  continuity  with  the  old),  and  a  little  quartz  [6712].  In 
detached  xenocrysts  the  augite  does  not  long  survive.  It  gives 
rise  presumably  to  new  augite,  which  forms  part  of  the  enclosing 
rock,  but  also  to  granular  magnetite  with  sometimes  a  little  brown 
mica.  Patches  rich  in  these  latter  minerals  may  remain  to  indicate 
vaguely  the  site  of  vanished  augite  xenocrysts  [6718].  It  is 
difficult  to  decide  whether  the  magnetite  of  the  gabbro  ever  escapes 
destruction.  When  apatite  has  been  present,  it  is  left  unchanged 
after  the  disintegration  of  the  containing  xenolith  [6712]. 

As  illustrating  the  phenomena  of  granite  xenoliths  in  basic  dykes, 
we  may  take  first  those  so  frequently  encountered  in  the  porphy- 
ritic basalt  dykes  which  have  been  distinguished  above  as  the 
Suardal  type.  As  already  stated,  granite  debris  occurs  locally  in 
considerable  abundance,  and  by  its  partial  dissolution  has^  some- 
times modified  in  some  degree  the  composition  of  the  basalt-magma; 
but  on  the  whole  it  is  the  earlier  stages  of  alteration  of  the 
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xenoliths  that  are  best  exemplified  in  the  specimens  studied  from 
these  dykes.  Pieces  of  granite  two  or  three  inches  in  diameter 
occur,  and  the  manner  of  their  disintegration  is  clearly  exhibited. 
It  is  partly  a  mechanical  breaking  up,  consequent  upon  the 
different  coefficients  of  expansion  of  the  several  minerals  and  upon 
shattering  by  heat  of  the  individual  crystals.  But  in  every  cane 
there  ts  a  certain  amount  of  corrosion  by  the  enveloping  magma, 
which  finds  its  way  even  into  very  minute  fissures  and  co-operates 
with  the  purely  mechanical  pi*ocess ;  and  there  are  also  reactions 
between  the  different  component  minerals  of  the  granite  itself. 

The  ferro-magnesian  element  of  the  granite  is  the  most  readily 
affected,  and  biotite  in  particular  is  almost  always  destroyed  at  the 
outset.  In  some  cases  it  seems  to  have  been  fused  in  the  interior 
of  the  xenolith ;  but  in  general  the  material,  or  much  of  it,  seems 
to  have  been  removed  by  some  leaching-out  process.  Even  when 
a  flake  of  biotite  has  been  embedded  in  a  felspar  crystal,  it  is  quite 
destroyed  and  represented  only  by  some  finely  granular  magnetite, 
this  being  arranged  in  fine  lines  in  a  way  which  indicates  that  the 
process  was  effected  along  the  cleavage-planes.  Such  a  vanisheil 
biotite-flake  may  be  surrounded  by  a  clear  ring  of  apparently  new- 
built  felspar  continuous  with  the  surrounding  crystal  but  differing 
slightly  from  it  in  optical  properties  [6715].  Except  when  its 
place  is  marked  in  this  way,  the  biotite  of  the  granite  is  totally 
lost,  and  only  partially  represented  by  clotted  granular  magnetite 
or  brown  limonite  not  in  the  form  of  the  original  mineral.  Some- 
times a  little  granular  augite  is  associated  with  the  iron-oxide: 
less  frequently  some  new-built  brown  mica. 

The  quartz  of  the  xenoliths  sometimes  shows  no  change  other 
than  the  formation  of  fine  cracks.  These  occasionally  tend  to  run 
parallel  to  the  boundary  of  the  grain  (PI.  XXV.,  Fig.  2,  B),  but 
very  often  they  have  been  determined  by  rows  of  fluid-pores  in  the 
quartz,  which  have  perhaps  burst  tlie  crystal  by  the  expansion  of 
the  contained  fluid.  In  this  case  the  cracks  often  show  some 
degree  of  parallelism  in  each  grain.  Occasionally,  along  the 
border  of  a  detached  grain  or  along  a  crack,  the  quartz  has 
become  a  rather  finely  granular  aggregate  with  a  clear  inter- 
stitial substance  which  is  isotropic  and  is  probably  hyaline  silica 
[6716]. 

The  felspars  (orthoclase  and  oligoclase)  of  the  granite  are,  in  this 
early  stage  of  alteration  of  the  xenoliths,  more  easily  attacked  than 
the  quartz.  This  is  especially  the  case  where  felspar  has  been  in 
contact  with  a  ferro-magnesian  mineral  in  the  granite.  Here  is 
formed,  round  the  site  of  the  latter  mineral,  a  patch  of  new-built 
felspar  with  some  admixture  of  iron-ore  and  perhaps  new-built 
biotite.  The  new  felspar  is  in  small  imperfect  crystals  or  in  fibres 
aggregated  in  fan-shaped  bundles  [6751].  The  felspar  of  the 
granite  is  only  vaguely  outlined  against  such  a  patch,  but  the 
quartz  presents  a  sharp  edge  to  it.  Often  again  there  is  an 
alteration  along  the  border  of  the  felspar  crystals  of  the  xenolith 
at  their  contact  with  one  another  or  with  quartz.     This  takes  the 
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form  of  a  zone  of  rather  fiu&-textured  new-built  felspathic  material. 
If  it  is  orthoclase,  it  tends  to  a  granular  structure ;  if  oligoclase,  it 
forms  an  aggregate  of  little  imperfect  twinned  crystals,  which  near 
the  original  oligoclase  of  the  xenolith  may  assume  a  regular 
orientation  with  it.  In  their  interior  the  felspars  of  the  xenolith, 
at  least  until  they  become  isolated  from  it,  show  little  change  in 
many  examples ;  but  some  exhibit  the  peculiar  shagreen  appearance 
which  BackstrSm*  styles  gekdmelt  or  granulated. 

An  excellent  place  for  studying  the  more  advanced  dissolution 
of  granite  xenoliths  in  basalt  is  found  close  to  Broadford,  on  the 
west  shore  of  the  bay.  The  locality  is  about  250  yards  beyond 
the  pier,  and  nearly  north-east  of  Corry  Lodge.  Here  two  dykes 
(among  others)  are  exposed  at  low  tide,  running  out  into  the  water 
in  a  S.S.E.  direction.  Both  contain  abundant  d6bris  of  granite, 
and  in  the  second  (i.e.  the  more  north-easterly  one)  large  patches 
of  that  rock  are  locally  present  in  various  stages  of  breaking  up  and 
dissolution.  The  xenoliths,  however,  have  not  been  uniformly  dis- 
tributed through  the  dykes,  and  this  enables  us  by  comparison  of 
specimens  to  demonstrate  the  reciprocal  modification  of  the  basic 
magma  consequent  upon  incorporation  of  the  acid  material. 

A  specimen  of  the  first  dyke,  taken  as  free  as  possible  from 
extraneous  material,  is  a  dark  grey,  finely  but  evidently  crystalline 
rock,  of  specific  gravity  303  and  clearly  of  basic  composition.  It 
has  no  phenocrysts  nor  xenocrysts.  A  slice  [6719]  shows  it  to  be 
a  normal  sub-ophitic  dolerite  composed  of  labradorite,  augite,  and 
magnetite  (Plate  XXV.,  Fig.  3,  A).  The  little  felspars  are  about 
■^  inch  long.  A  specimen  was  selected  for  comparison  which 
showed  numerous  xenocrysts,  both  quartz-grains  and  dull  white 
felspars.  Here  the  matrix  is  of  a  much  lighter  grey  colour  and  of 
finer  texture.  A  slice  [6720]  shows  the  quartz-grains  to  be 
partially  rounded  and  bordered  by  a  ring  rich  in  granular  augite, 
due  to  reaction  between  the  grain  and  the  enveloping  magma ;  a 
familiar  feature  in  other  districts  where  quartz-grains  have  been 
enclosed  in  basic  rocks  (Plate  XXV.,  Fig.  3,  B).  The  felspar 
xenocrysts,  which  are  chiefly  of  oligoclase,  are  extremely  turbid, 
excepting  a  clear  patch  in  the  interior  of  each  crystal.  The 
felspars  of  the  matrix  are  of  more  slender  shape  than  in  the  normal 
dolerite  and  not  more  than  yj^  inch  long,  while  their  nearly 
straight  extinction  proves  them  to  be  oligoclase,  perhaps  with 
some  orthoclase.  The  augite  also  is  smaller,  and  is  in  granules, 
and  magnetite  is  less  abundant.  Finally  there  is  a  certain  amount 
of  quartz,  in  small  interstitial  patches,  with  all  the  appearance  of 
an  original  constituent. 

These  two  specimens,  taken  only  a  short  distance  apart,  are 
undoubtedly  parts  of  one  dyke,  and  the  abnormal  characters  of  the 
second  one  are  due  to  the  modification  of  the  basic  magma  by 
absorption   of  granitic  material.      The  acidification  shows  itself 

*Bihang  tU  k,  avenska  Vet-Akad,  Handl,,  vol.  xvL,  pi.  H.,  figs.  7-9; 
1890. 
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especially  in  the  formation  of  a  relatively  acid  felspar  and  the 
presence  of  some  excess  of  silica  crystallised  as  quartz.  The  finer 
texture  and  rather  different  micro-structure  of  the  modified  rock  as 
compared  with  the  normal  type  are  also  interesting.  We  might 
refer  them  with  some  plausibility  to  the  more  rapid  chilling  conse- 
quent upon  the  inclusion  of  so  much  solid  rock-debris.  The 
contrast  between  the  two  specimens  implies  that  no  important 
diffusion  has  operated  in  the  dyke  during  or  after  the  corrosion  and 
absorption  of  the  granite  debris.  It  may  be  taken  as  indicating 
that,  although  the  xenoliths  were  brought  up  by  the  basic  magma 
from  some  unknown  depth,  they  did  not  begin  to  be  dissolved  to 
any  considerable  extent  until  after  the  intrusion  of  the  dyke.  A 
certain  degree  of  super-heating  in  the  magma,  consequent  upon 
relief  of  pressure,  may  have  been  the  determining  &ctor.  The 
reciprocal  action  then  proceeded  energetically,  and  probably  rapidly , 
for  it  must  have  been  checked  as  cooling  went  on. 

The  second  dyke  shows  phenomena  closely  comparable  with 
those  described  above,  but  it  is  richer  in  granitic  material,  and  no 
part  of  it  that  is  exposed  can  be  taken  to  represent  the  normal 
rock.     A  specimen  was  taken,  however,  from  the  portion  poorest  in 

?uartz  and  other  xenocrysts,  and  this  gave  the  specific  gravity  2'84. 
t  is  an  evidently  crystalline  dolerite,  generally  resembling  the 
normal  type  of  the  former  dyke.  A  thin  slice  [6721]  shows  that 
the  little  felspar  crystals  are  labradorite,  up  to  ^  inch  in  length : 
the  pale  brown  augite  has  the  sub-ophitic  habit,  and  there  are 
irregular  grains  of  magnetite.  Four  specimens  taken  from  near 
granite  xenoliths,  and  themselves  containing  abundant  xenocrysts, 
were  sliced  for  comparison  [6722-6725],  The  hand-specimens 
show  a  lighter  colour  and  a  finer  texture  than  the  preceding  speci- 
men, and  one  gave  the  low  specific  gravity  2*73.  The  quartz-grains 
in  these  slices  show  always  more  or  less  rounding  and  corrosion, 
and  have  the  usual  border  of  granular  augite,  sometimes  decayed 
and  represented  by  carbonates,  etc.  The  derived  felspars,  both 
orthoclase  and  oligoclase,  are  very  turbid  throughout,  or  have  only 
a  clear  patch  in  the  centre.  Sometimes  there  is  in  the  interior 
of  a  crystal  an  incipient  new  formation  of  granular  felspar,  which 
is  quite  clear.  The  ferro-magnesian  minerals  of  the  granite  are 
always  totally  destroyed.  The  matrix  in  which  the  derived 
elements  are  enclosed  is  like  that  described  in  the  other  dyke. 
The  felspar  is  oligoclase,  or  at  least  gives  sensibly  straight 
extinction,  and  is  in  slender  prisms  usually  not  more  than 
-j-J,-jj  inch  long.  The  augite  occurs  in  granules.  There  is  in  every 
case  a  certain  amount  of  interstitial  quartz.  Another  feature 
shown  in  some  of  the  slices  is  the  occurrence  of  small  druses,  with 
idi  amorphic  quartz  projecting  into  the  cavity,  which  has  subse- 
quently been  occu])ied  by  calcite.  We  have  pointed  out  the  same 
peculiarity  in  the  basic  members  of  the  composite  sills  of  Cnoc 
Carnach,  etc.  (p.  218.) 

Sufficient  examples  have  been  given  of  the  occurrence  of  foreign 
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elements  in  noteworthy  amount  in  the  basic  dykes.  Sporadic  oceruy- 
crysts,  and  to  a  less  extent  xenoliths,  have,  however,  a  much  wider 
distribution  in  the  Tertiary  dykes  than  has  been  indicated  by  these 
particular  occurrences.  We  do  not  refer  to  merely  accidental 
inclusions  of  the  country  rock,  which  sometimes  occur  here  as  in 
other  dykes,  but  call  for  no  special  remark.  Nor  need  we  do  more 
than  mention  another  not  uncommon  feature,  viz.  the  inclusion  of 
little  fragments  of  rock  of  similar  composition  to  the  enclosing 
matrix  but  of  finer  texture.  These  probably  represent  a  portion  of 
the  dyke-magma  rather  rapidly  consolidated  at  an  early  stage  of 
the  intrusion,  in  contact  with  the  wall  of  the  dyke,  and  torn  away 
by  a  later  up-rush  of  the  molten  magma.  We  are  concerned  more 
especially  with  the  inclusion  in  basic  dykes  of  foreign  material  for 
which  the  known  rocks  in  the  neighbourhood  do  not  afford  any 
possible  source. 

Certain  occurrences  are  perhaps  to  be  explained  by  the  snpposi- 
tion  that  an  earlier  dyke  has  been  totally  destroyed,  excepting 
fragmentary  relics,  by  a  later  one  of  a  different  kind,  illustrating 
thus  what  may  be  regarded  as  an  extreme  case  of  a  composite  dyke. 
For  instance,  one  of  Mr  Clough's  specimens  [7364]  is  described  as 
forming^  a  band  in  a  compound  dyke  and  containing^  rows  of  pale- 
red  weathering  spots  up  tr2  or  3  inches.  This  u  from  two-thirds 
of  a  mile  N.N.E.  of  the  west  end  of  Ard  Thurinish,  in  the  southern 
part  of  Sleat.  The  rock  is  a  fine-textured  ophitic  dolerite  of  specific 
gravity  2'87.  The  spots  are  xenoliths  of  a  spherulitic  granophyre, 
containing  little  patches  of  brown  ferruginous  substance  with  radiate 
structure,  probably  representing  the  ferro-magnesian  mineral  of  the 
granophyre. 

No  such  explanation  is  applicable  to  the  gabbro-felspars  and 
granitic  quartz  and  felspars,  which  occur  usually  as  isolated 
xenocrysts  but  occasionally  grouped  so  that  they  may  be  called 
small  xenoliths.  They  are  found  sparingly  but  not  infrequently 
in  basic  dykes,  not  only  in  the  mountain  district  and  in  Stratn 
but  in  Sleat,  the  rock  mentioned  in  the  preceding  paragraph 
being  an  example.  Earely  in  the  outljring  portions  of  the  area 
does  the  enclosed  d6bris  occur  in  such  quantity  and  of  such  a 
kind  as  to  modify  the  composition  of  the  enclosing  rock  in  the 
fashion  already  described,  but  this  is  sometimes  seen.  One  of  Mr 
Clough's  specimens,  from  Loch  Doir'  an  Eich,  about  two  miles  S.E. 
of  Ord,  carries  quartz-grains  in  unusual  abundance.  It  has  no 
doubt  come  from  a  basic  magma,  but  has  been  considerably 
acidified.  The  little  felspars  are  found  to  be  oligoclase,  and  there 
is  some  interstitial  quartz  [6853].  The  specific  gravity  of  the  rock 
is  only  2*75,  and  it  compares  closely  in  all  respects  with  the  occur- 
rences described  above  near  Corry  Lodge,  Broadford. 

In  addition  to  detached  xenocrysts,  actual  xenoliths  of  both 
gabbro  and  granite  are  recorded  by  Mr  Clough  from  localities  in 
the  southern  part  of  Sleat,  ten  or  twelve  miles  from  any  consider- 
able outcrop  of  like  rocks.  Thus  in  the  Tarskavaig  neighbourhood 
several  of  the  basic  dykes  about  Camas  Daraich  and  the  coast  north- 


CHfanvd  HS  detlibed  m  my  fUl  of  gabbro  inclnsions.  A  more 
WiiiMlMMe  OMB  oecm  abonfc  ■  nle  east  of  anotfan-  Csnuu  Dbraicfa 
near  Uw  Paint  of  SleaL  ^oe  a  dyke  on  the  ehore,  besides  por- 
pbjrrilie  aywIaiM,  wmtma  mniKroa^  large  piecem  of  felspar,  one 
mMnniiif  18 17  9  indm  and  mub^r  2  f<^  in  length  and  3  inches 
in  braaduL  Tut^  an  of  nMdfie  grarity  270,  and  ^re  an  extinc- 
tioD-aasle  of  fi"  tn  tmmi  ueatage-flakee,  agreeing  with  acid  labra- 
dorite,  AbiAni.  Seme  of  dw  hige  pieces  are  single  cryataU,  but 
odwn  an  coi^4ez ;  and  m  an  probably  to  regard  them  as  xeno- 
litlu  of  anotthoait^  a  Tarielal  brm  of  gabbro.  Dykes  eneloaiag 
Rabbo  am  finmd  abo  near  Tonnore  and  Gilleao.  "A  dtdmte 
dyho  on  the  ooaat  ndwr  len  tJian  tnothinb  of  a  miie  W.8.W.  of 
Gillean  is  anomaUy  fall  of  sablvb  inclasions,  or  pieces  of  felspar 
whidi  eeem  of  the  iame  kind  aa  tibe  felspar  in  the  gabbro  incloeions. 
Many  of  the  inclonona  are  fimror  six  inches  long,  and  for  a  breadth 
of  six  or  eight  feet  they  take  op  as  much  space  as  the  iuclnding 
rock.  A  specimen  of  one  of  the  felspar  lumps  has  the  specific 
gravil^  of  3*68. 

"  1^ inclnaona  in  a  dolerite  d^  [6186]on  the ooHfe ndiar 
more  than  a  quarter  of  a  mile  8.B.W.  of  Bndha  Dnhli  Aid,  near 
Ord,  vary  greatly  in  abnndanoa  in  difierent  paita.  Near  hi|dH 
water  mark  a  breadth  of  two  or  three  feet  on  the  W.  aide  of  flie 
dyke  ia  nearly  without  inclosionB,  but  the  other  part  ia  crnvdad 
with  them.  Between  this  place  aad  aboot  aixty  yards  aootli  of  ift 
no  inclnBions  were  noticed ;  farther  on  to  the  ElW^  fixr  more  ttaa 
100  yarda,  the  inclnsionfl  neariy  eqaalled  the  c^vke-voc^  in  balk. 
Some  of  the  inclnsiona  are  three  or  nmr  inches  long  and  one  or  two 
broad.  The  longer  axes  are  rudely  parallel  to  the  sides  of  the  d^s. 
There  are  some  inclnsiona,  an  inch  or  more  in  breadth,  which  seem 
entirely  composed  of  quartz  like  that  in  the  granophyre  inclusiona, 
but  the  rock  from  which  they  have  been  derived  must  have  been 
unusually  coarse  in  grain,"  (C.  T.  Clough.)  Nnmerons  inclusions 
of  granite  or  granophyre  were  noticed  by  Mr  Clough  in  a  dyke  a 
mile  north-east  of  the  mouth  of  Gillean  Bum,  near  Tars kavaig,  and 
in  another  farther  south,  on  the  coast  N.W.  of  Loch  Nigheann 
Fhionntaidh.  Another  example  is  a  coarse  dolerite  dyke  on  the 
west  side  of  Ardvasar. 

In  the  country  to  the  west  and  north  of  the  Cnillins  the  basic 
dykes  less  frequently  contain  foreign  inclusions  of  an  easily  recog- 
nisable kind,  but  evident  xenoliths  of  gabbro  do  sometimes  occur 
at  considerable  distances  from  the  plutonic  intrusions  of  the 
Cuillins.  One  locality  is  the  coast  immediately  west  of  Fiskavaig. 
One  of  the  dykes  here  contains  abundant  pieces  of  gabbro,  some 
with  a  diameter  of  three  or  four  inches,  although  the  place  ie 
nearly  nine  miles  from  that  rock  as  exposed  in  titu.  Detached 
crystals  which  seem  to  be  of  foreign  origin  are  of  more  frequent 
occurrence,  and  some  of  these  are  of  mmerals  belonging  to  acid 
rocks.  We  have  already  mentioned  the  orthoclase  enclosed,  in  a 
mreatly  corroded  state,  in  a  basic  dyke  at  Am  Bile,  to  the  north  of 
Portree ;  notwithstanding  the  occurrence  of  orthoc^ise  as  a  normal 
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constituent  of  the  same  rock,  these  are  probably  to  be  ranked  as 
xenocrysts.     (See  p.  348.) 

The  characters  of  the  sporadic  xenocrysts  do  not  call  for  very 
full  description,  being  closely  similar  to  those  already  detail^ 
above  and,  we  may  add,  to  those  of  other  occurrences  which  have 
been  described  by  many  petrologists.*  The  felspars,  when  they 
have  suffered  any  appreciable  change,  have  not  always  behaved  in 
the  same  fashion.  Sometimes  there  is  a  formation  of  fissures 
following  the  two  cleavages  and  incipient  fusion  along  these  fissures, 
which,  carried  farther,  would  break  up  the  crystal  into  minute 
fragments.  More  commonly  in  the  examples  studied  the  crystal  is 
not  disintegrated.  A  certain  amount  of  fusion  or  corrosive  action 
on  the  edges  has  produced  a  partially  rounded  outline,  and  this 
reaction  with  the  basic  magma  is  especially  noticeable  in  the  case 
of  the  alkali-felspars.  The  most  common  change  observable  in  the 
felspar  xenocrysts  is,  however,  the  production  of  secondary  glass- 
and  other  inclusions.  Not  infi'equently  these  occur  along  a  zone 
just  within  the  border  of  the  crystal.  They  follow  the  shape  of 
this,  however  it  may  have  been  modified  by  rounding  {cf.  PI.  XXV., 
Fig.  2,  A).  In  the  case  of  a  xenolith  or  group  of  crystals  the  zone 
of  secondary  inclusions  is  found  only  along  that  border  of  a  crystal 
which  is  in  contact  with  the  enclosing  matrix.  It  results  probably 
from  the  fusion  of  primary  inclusions  in  the  felspar,  but  there  has 
apparently  been  an  enlargement  occasioned  by  a  reaction  between 
this  fused  matter  and  the  surrounding  felspai^substance.  Very 
often  the  felspar  xenocrysts  are  extremely  turbid  throughout, 
or  perhaps  with  the  exception  of  a  clear  patch  in  the  centre,  and 
it  seems  probable  that  this  appearance  is  due  to  a  multitude  of 
minute  secondary  inclusions.  Outside  the  nearly  opaque  xeno- 
cryst  there  may  be  a  clear  border  of  new-formed  felspar,  in 
continuity  with  the  old.  This  is  frequently  to  be  observed.  When 
the  augite  of  the  enclosing  rock  has  the  granular  habit  or  an 
idiomorphic  tendency,  it  can  sometimes  be  seen  that  the  clear 
felspar-border  is  moulded  upon  the  little  grains  of  augite,  proving 
its  later  groNvth.  The  derived  quartz-grains  in  the  dykes  constantly 
show  rounded  contours,  and  are  invariably  surrounded  by  a  ring  or 
shell  of  granular  augite. 

The  source  of  these  xenocrysts  is  evidently  a  question  of  some 
diflSculty.  Even  in  dykes  situated  near  the  gabbro  and  granite 
intrusions  the  derived  elements  cannot  always  be  attributed  to  the 
source  which  seems  most  obvious.  Thus,  a  dyke  a  little  to  the  south 
of  the  Beinn  an  Dubhaich  granite  contains  abundant  derived  grains 
of  granitic  quartz  [7060] ;  but  the  dyke  is  metamorphosed  by  the 
granite,  and  must  therefore  be  older.  That  an  earlier  suite  of 
plutonic  rocks,  both  gabbro  and  granite,  exists,  or  has  existed,  con- 
cealed from  view  beneath  the  mountain  district  we  know  from  the 

*  The  literature  of  xenoliths  and  xenocrysts  is  very  extensive.  The  most 
exhaustive  treatment  of  the  subject  is  to  be  found  in  Lacroix's  memoir  Xes 
enclaves  des  roches  volcaniques^  Macon,  1893. 
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extend  this  ezpluuraon  to  dykei  omyiog  mwaiji  m  ttewig>at"" 

the  itland,  we  must  pottalate  ■  mncn  wider  ertenwin  cf  tinw 

oonoBftled  roda  than  ia  indicated  \fj  wag  otitar  line  of  aridmoBu 

The  qneatitni  moib  be  onaddered  in  oonneotion  witii  vuiooi 
records,  aoattered  thion^  fbe  Utentore  ttf  the  BritialL  TartiHj 
intnuiona,  which  ansffeat  that  the  phanoni'^''*  to  be  explained  have 
m  very  wide  distribntian.  Beaidea  deaoriptianB  of  eridant  xnno- 
oryata,  ancA,  frar  inatanoe,  aa  the  oocoiraocea  noticed  by  Dr 
Gontorphine  in  the  aontiiein  pott  of  Anan,*  we  find  in  tiw 
scooonta  <^  not  s  few  "pcv^bTiitic"  baaalta,  eto.,  obaarationa 
which  soggeat  that  the  uidoeed  fislspar  eiyitals  may  be  in  aoma 
aenae  not  nonnal  constttnenta  of  the  roeka  in  \riiioh  the^y  ooanr. 
For  inatance,  Mr  Holland,!  describing  the  large  felapara  in  a  baaalfc 
near  Tobennory,  Moll,  remarka  that  they  freqaently  "»^"Wfc 
aohillerisatum.  Bren  so  &r  away  aa  tlu  North  of  England 
Tertiaiy,  or  probably  Teitiaiy,  dykes  exhibit  aome  pecnliaritus  in 
porphyritioally  enclosed  felapuv.  Hut  the  oiystala  bkTe  not 
nanally  bben  corroded  or  otherwiae  evidently  alterea  by  Hie  magna} 
does  notk  as  we  have  seen,  preclade  the  poenbility  of  a  derintan 
origin  The  [I^nemonth  d^e,  with  bo  mnch  aa  &8'S0  per  cent,  of 
silica,  encloaee  felspara  wluch  were  proved  liy  analyiia  to  be 
anorlMte.$  They  are  nnerenly  distributed  in  the  dyk^  and  ooenr 
naoally  in  a^r^jatee ;  the  component  crystals  bemg  ixregnlarly 
bonmded  in  we  interior  of  an  aggrwate,  bat  external^  presenting 
good  faces,  which  Mr  Tesll  asonDee  to  a  hiter  additica.  He 
suggests  that  these  aggregates  were  formed  under  plntonio  ooif 
dibons,  and  were  bro^n  up  and  carried  away  by  movements 
which  took  place  after  this  consolidation  had  progressed  to  a 
certain  extent.  11  Comparable  in  some  respects  with  this  ia  the 
peculiarity  which  Professor  Jndd  has  termed  the  "glomero- 
porphyritic  structure ,"  as  ezempIiJied  in  the  ophitic  dolerito 
(doubtless  an  intruBive  eill)  of  Fair  Head,  in  Antrim.f  The  rock 
encloses  little  patches,  fixim  A  ^  i  'i>ch  in  diameter,  consiBting  of 
anorthite  and  olivine  with  the  mutual  relations  of  a  plutonic  rock 
(troctolite).  Professor  Judd  detected  no  clear  indication  of 
change  where  these  patches  are  in  contact  with  the  enclosing 
matrix,  but  he  remarks  that  the  felspar  crystals  are  much  fissured, 
and  contain  a  large  number  of  secondary  inclusions. 

These  troctolite-patches,  in  that  they  are  foreign   as  regards 

•  Tschtrm.  Min.  Petr.  Mitth.  (N.S.),  voL  xiv.,  pp.  443-452,  pi.  X.  j  1896. 

+  JIfitv.  Mag.,  vol.  viii.,  p.  156  ;  1886. 

1  Lacroix  describes  and  figures  a  felspar  xenocryst  from  tlte  ClevelAnd 
dyke  at  Great  Ayton,  which  Bhows  the  ^aracteristic  breaking  up  by  foaion 
along  cleavago- cracks  (Z<s  endavei  des  rocket  t'oUaniques,  pp.  653,  654,  pi.  II., 
fig.  1).  Since,  however,  the  dyke  at  this  locality  has  probably  traversed  the 
Great  Whin  Sill,  this  xenocryat  may  be  of  the  accidental  kind. 

§TeaU.  Quart.  Joum.  Geol.  3oc.,  vol.  xl.,  pp.  234,  235,  pi.  Xm ;  1884. 

j  BritiA,  Petrography,  p.  141  ;  ISSa 

is  Quart.  Joum.  OeiA.  Soc.,  vol.  xlii.,  p.  71,  pi.  VII.,  fig.  3  ;  1886. 


Source  of  Xenocrysts  and  Xenotitks.  S63 

composition  to  the  rock  in  which  they  occur,  may  perhaps  without 
impropriety  be  called  xenoliths.  Whether  the  anorthite-crystals 
in  the  Tynemouth  dyke,  as  explained  by  Mr  Teall,  are  to  be 
styled  xenocrysts,  seems  to  be  merely  a  question  of  terminology. 
In  this  view  the  sharp  distinction  between  phenocrysts  and 
cognate  xenocrysts  breaks  down  genetically  as  well  as  diagnostic- 
ally,  the  difierence  becoming  one  of  degree  rather  than  of  kind. 
Phenocrysts  in  a  dyke  are  probably  the  results  of  crystallisation  in 
the  dyke-magma  prior  to  its  intrusion,*  under  "  intratelluric,"  but 
not  in  the  general  case  plutonic,  conditions.  We  can,  however, 
easily  concede  the  possibility  of  such  crystallisation  taking  place 
in  some  cases  in  a  deepnseated  magma-reservoir,  where  truly 
plutonic  conditions  obtained;  and  crystals  so  formed  must  be 
expected  to  possess  characters  {e.g.  schiller-structures)  proper  to  a 
plutonic  origin.  If  we  conceive  such  crystallisation  in  the  magma- 
reservoir  to  proceed  undisturbed,  perhaps  locally,  until  continuous 
portions  are  consolidated,  there  is  no  difficulty  in  supposing  the 
rocks  so  formed  to  be  subsequently  broken  up  and  portions  of 
them  involved  in  the  magma  as  forced  upwards  to  supply  dykes. 
On  such  lines  as  these  we  may  perhaps  seek  an  explanation  of  the 
xenocrysts  of  gabbro-felspar  and  xenoliths  of  gabbro  in  our  basic 
dykes ;  and  it  is  clear  that  such  an  explanation,  if  admitted,  will 
account  for  a  distribution  of  xenocrysts  coextensive  with  that  of 
the  dykes  themselves.t  Crystallisation  in  the  deep-seated  magma- 
basin,  being  supposed  slow  and  progressive,  would  afford  a  reason 
for  the  prevalence  of  these  quasi-foreign  elements  in  the  later 
rather  than  the  earlier  dykes  of  the  series. 

To  apply  this  explanation  to  the  granitic  xenocrysts  and 
xenoliths  in  the  basic  dykes  as  well  as  to  those  of  gabbro, 
we  must  postulate  the  coexistence  of  acid  and  basic  magmas  in 
the  supposed  deep-seated  reservoir  and  the  beginning  of  crystallisa- 
tion in  both.  To  such  a  hypothesis  we  have  already  been  led  by 
the  phenomena  of  the  associated  basic  and  acid  intrusions  of  the 
region.  If  we  conceive  crystals  to  be  formed  in  an  overlying 
acid  magma  and  to  sink  into  an  underlying  basic  one,  we  find  a 
possible  clue  to  some  of  the  peculiar  features  described  above,  and 
one  which  may  be  worth  pursuing  both  in  this  region  and  in 
others.} 

''^To  this  statement  we  must  admit  some  exceptions,  as  pointed  out  in 
another  place  (p.  270). 

tThe  phenomena  in  question  are  not  confined  to  the  strictly  British 
portion  of  the  large  "petrographic  province."  See,  e.g.,,  Br^n,  Notes  pour 
servir  d  Vdtude  de  la  giologie  ae  lldande  .  .  .  .,  Paris,  1884. 

I  Cf.  Harker,  The  Lamprophyres  of  the  North  of  England,  Geol.  Mag.^ 
1892,  pp.  199-206,  and  On  Porphyritic  Quartz  in  Basic  Igneous  Rocks,  ihid.^ 
pp.  485-488. 
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CHAPTER  XXL 

Basic  Dykes  and  Sheets  of  the  Cuillins. 

The  minor  basic  intrusions  to  be  described  in  the  present  chapter 
are  those  peculiar  to  the  Cuillin  district ;  in  which  district  must  be 
included  the  Blaven  range  as  well  as  the  Cuillins  proper.  In  other 
words,  we  have  to  deal  with  certain  groups  of  intrusions  which 
have  a  distribution  limited  by  the  boundary  of  the  great  gabbro 
laccolite,  or  extending  only  a  little  beyond  it.  Some  of  these  have 
the  form  of  dykes  and  others  of  inclined  sheets.  Both  are  very 
numerous,  and  contribute  in  a  very  important  degree  to  the 
physical  features  of  the  gabbro  mountain-district.  We  shall 
consider  the  dykes  and  the  sheets  in  turn,  this  being  generally 
the  chronological  order  of  their  intimsion. 

In  discussing  the  direction  of  the  basic  dykes  of  Skye  in 
general,  we  expressly  excluded  from  our  remarks  those  of  the 
Cuillin  district,  as  in  part  following  other  laws  special  to  them- 
selves. We  proceed  to  set  forth  these  laws,  in  so  far  as  we  are  able 
to  discover  them.  What  are  here  styled  laws  are  of  course 
empirical,  and  are  merely  a  convenient  summing  up  of  observations 
in  the  field  :  nevertheless,  as  serving  to  connect  the  bearings  of  the 
dykes  with  local  crust-movements  centring  in  the  heart  of  the 
gabbro  tract,  they  probably  do  embody  some  real  principles  in  the 
mechanics  of  dyke-intrusions,  which  further  knowledge  of  this 
somewhat  obscure  subject  may  be  expected  to  elucidate. 

In  the  first  place  it  is  to  be  remarked  that  a  vast  number  of 
dykes  in  the  gabbro  tract  have  approximately  a  radiate  arrange- 
ment with  reference  to  the  centre  of  the  tract.  We  shall  style 
these  the  radial  set  of  dykes.  A  tendency  to  radiation  about  the 
mountain  tract  was  pointed  out  in  the  bearings  of  the  Skye  dykes 
in  general.  There,  however,  it  was  only  a  tendency,  being  a 
secondaiy  influence  modifying  the  operation  of  the  primary  law  of 
parallelism,  and  producing  deviations  from  the  normal  direction 
which  did  not  exceed  a  moderate  limit.  In  the  gabbro  area  of  the 
Cuillins  radiation  becomes  (for  this  set  of  dykes)  the  primary  law, 
and  sweeps  round  the  whole  circle,  excepting  only  the  north-eastern 
quarter,  where  the  granite  interposes  and  these  dykes  are  wanting. 
At  the  same  time  it  is  interesting  to  note  that  the  law  of  parallel- 
ism comes  in  here  as  a  secondary  modifying  influence ;  for  in 
places  where  the  radiate  arrangement  would  impose  a  direction  not 
very  different  from  the  normal  direction  for  Skye  (say  N.  37^  W.), 
there  seems  to  be  a  tendency  for  the  dykes  to  be  attracted  towards 
this  latter  direction. 
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Secondly  there  are  many  dykes  which  follow  directions  nearly  at 
right  angles  to  the  radial  dykes  at  their  locality,  as  if  forming  a 
set  in  some  sense  conjugate  with  the  other.  These  will  be  dis- 
tinguished as  the  tangential  set  They  are  subordinate  to  the  radial 
set,  and  are  not  found  everywhere ;  but  in  some  places,  e.g,  the 
upper  part  of  Coir'  a'  Ghreadaidh,  they  become  extremely  numerous. 
They  seem  to  be  constantly  earlier  than  the  radial  dykes,  and 
are  often  seen  to  be  cut  by  them.  As  a  rule,  they  are  most 
developed  towards  the  periphery  of  the  gabbro  laccolite,  and  some 
dykes  outside  this  limit  are  probably  to  be  referred  to  the  same 
set. 

Further,  there  is  a  very  great  number  of  dykes  within  the 
gabbro  tract  which  have  what  may  be  regarded  as  the  normal 
direction  for  the  dykes  of  the  island,  and  these  may  conveniently 
be  called  the  Tiormal  set.  This  is  not  meant  to  imply  that  they 
constitute  a  single  natural  group  referable  to  one  epoch,  for  such  is 
not  the  case.  In  those  parts  of  the  gabbro  tract  where  the  radial 
and  tangential  dykes  make  considei*able  angles  with  the  direction 
common  to  the  region  {e.g,  if  one  set  runs  E.-W.  and  the  other 
N,-S.),  the  normal  set  comes  out  distinctly.  In  other  circum- 
stances it  is  apt  to  be  confused  with  one  of  the  other  sets,  unless 
some  evidence  as  to  relative  ages  can  be  obtained. 

The  sequence  of  the  several  sets  of  minor  intrusions  peculiar  to 
the  Cuillin  district  is  apparently  as  follows: 


(i.)  the  tangential  set  of  dykes; 

{(ii.)  the  radial  set,  or  the  majority  of  these ; 
(iii.^  the  inclined  sheets,  to  be  described  below; 
(iv.)  a  radial  set  of  ultrabasic  dykes,  to  be  described  in  the 
following  chapter. 


In  this  scheme  no  place  is  assigned  to  the  normal  set  of  dykes, 
for  the  reason  that  they  belong  to  various  epochs.  Some  are 
earlier  than  any  of  these  local  sets  of  intrusions ;  others  cut  not 
only  the  tangential  and  radial  dykes  but  the  inclined  sheets  also; 
none,  however,  cut  the  ultrabasic  dykes,  which  are  thus  the  latest 
of  all  the  igneous  rocks  of  the  Cuillins. 

The  fact  that  the  several  local  sets  of  minor  intrusions  peculiar 
to  the  Cuillin  district  fall  into  a  fairly  definite  chronological  order 
may  be  taken  to  indicate  that  each  sot  constitutes  a  distinct 
natural  group  belonging  to  a  certain  defined  epoch.  If  we  regard 
them  all  as  related  to  crust-movements  which  originated  beneath 
the  centre  of  the  gabbro  laccolite,  we  must  connect  the  several 
groups  with  difierent  stages  of  those  movements,  when  the  varying 
condition  of  strain  set  up  in  the  rocks  of  the  area  favoured  the 
formation  of  fissures  in  different  directions.  The  number  of  inter- 
sections actually  observed  among  the  groups  (i),  (ii),  and  (iii)  is, 
however,  not  large,  and  the  sequence  deduced  perhaps  needs  fiirther 
confirmation  and  possibly  correction. 

The  general  account  of  the  field-relations  of  the  basic  dykes  of 
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Skye  contained  in  a  former  chapter  is  in  many  respects  applicable 
to  the  special  groups  of  dykes  under  notice ;  so  that  a  few  remarks 
on  this  subject  will  be  sufficient.  Both  tangential  and  radial  dykes 
are  of  quite  moderate  width,  never  rivalling  the  imposing  dimensions 
attained  by  several  of  the  basic  dykes  in  other  parts  of  the  island. 
They  may  often  be  traced  for  long  distances  with  practically 
straight  courses  and  uniform  width,  though  in  some  places  towards 
the  centre  of  the  tract  the  smaller  ones  tend  to  become  rather 
sinuous  and  otherwise  irregular.  A  noticeable  hade  is  not 
uncommon,  more  particularly  towards  the  peripheral  part  of  the 
gabbro  tract  and  a  little  beyond  it;  and  the  hade,  when  it  occurs,  is 
evidently  not  determined  by  the  same  law  which  operated  in  the 
dykes  away  from  the  mountain-tract.  It  is  found  especially  in  the 
tangential  set  of  dykes,  and  there  the  direction  of  inclination  is 
outward  from  the  centre  of  the  tract.  Multiple  dykes  are  very 
rare  in  the  radial  set,  and  have  not  been  observed  in  the 
tangential,  although  the  individual  dykes  sometimes  occur  at  very 
short  intervals.  This  is  perhaps  due  in  part  to  the  fact  that  each  set 
of  dykes  belongs  to  a  single  epoch.  It  is  partly  attributable  to 
the  nature  of  the  country-rock,  but  not  wholly  so;  for  in  what 
we  have  called  the  normal  set  in  the  gabbro  mountains  multiple 
dykes  are  in  some  parts  not  infrequent. 

It  is  not  necessary  to  enter  upon  any  full  petrographical  account 
of  the  dykes  of  the  Cuillins,  since  this  would  be  in  great  part  a 
repetition  of  what  has  already  been  written.  It  is  to  be  remarked, 
however,  that  these  dykes  are,  so  far  as  our  observations  go,  all  of 
thoroughly  basic  composition,  the  less  basic  types  found  in  some 
other  parts  of  Skye  being  unrepresented.  The  specific  gravity  of 
the  rocks  varies  from  2*88  to  3*00,  being  often  near  the  higher  limit. 
The  common  types  are  non-porphyritic  dolerites  and  basalts,  of 
medium  to  fine  texture,  the  smallest  dykes  having  a  very  compact 
aspect. 

The  inclined  basic  sheets  demand  fuller  notice.  This  very 
remarkable  set  of  intrusions  consists,  in  brief,  of  a  vast  number  of 
roughly  parallel  sheets  of  basic  rock  intersecting  the  gabbro 
mountains  in  almost  all  parts,  and  having  a  general  inward  dip  at 
moderate  angles.  We  shall  style  them  intrusive  sheets,  not  sills, 
since  it  is  convenient  to  reserve  the  latter  term  for  that  particular 
type  of  sheet-formed  intrusion  which  follows  the  surfaces  of  bedding 
of  stratified  rocks.  This  latter  type  has  been  suflBciently  illustrated 
by  the  sills  of  the  basalt-plateaux,  the  thin  lava-flows  acting  for 
this  purpose  as  bedded  rocks.  The  intrusive  sheets  cutting  the 
massive  gabbros  obviously  have  their  direction  and  inclination 
determined  by  quite  other  factors. 

That  the  two  great  sets  of  sheet-formed  intrusions  are  quite  distinct 
in  origin  is  sufiiciently  apparent  from  their  distribution.  The 
sills  proper,  attaining  their  maximum  development  in  a  distant 
part  of  the  island,  die  out  in  the  belt  of  metamorphosed  lavas  which 
fringes  the  gabbro  of  the  Cuillins,  and  nowhere  enter  the  latter 
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rock.  The  inclined  sheets,  on  the  other  hand,  are  strictly  confined 
to  the  gabbro  mountains,  and  their  peculiar  disposition,  in  whatever 
way  it  may  be  explained,  points  to  a  connection  with  some  focus  of 
eruption  situated  beneath  the  gabbro  laccolite.  Further,  the  con- 
siderations detailed  above  enable  us  to  assign  them  to  a  late  epoch 
in  the  history  of  igneous  action  in  Skye,  certainly  much  later  than 
the  epoch  of  the  great  sills. 

The  inclined  sheets,  though,  as  stated,  found  only  in  the  gabbro 
mountains,  are  not  limited  to  the  gabbro  itself.  They  intersect  also 
the  numerous  patches  of  volcanic  rocks  enclosed  in  the  gabbro  mass 
and,  in  places,  the  basalt,  shales,  and  granite  which  underlie  it. 
They  also  intersect,  as  we  have  said,  numerous  dykes  which  them- 
selves cut  the  gabbro.     It  is  evident  therefore  that,  whatever  the 
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Fig.  72. — Sketch-niap  to  illustrate  the  distribution  and  inclination  of  the 
inclined  basic  sheets  of  the  Cuillins.  llie  strong  hne  marks  the  outline 
of  the  gabbro  area  :  the  dotted  lines  enclose  the  areas  within  which  the 
inclined  sheets  are  found,  and  the  arrows  (with  figures)  indicate  the  dips 
of  the  sheets. 

relation  of  the  inclined  sheets  to  the  plutonic  rock  may  be,  they  are 
quite  distinct  from  it,  and  belong  to  a  time  long  posterior  to  its 
intrusion. 

The  distribution  of  the  inclined  sheets  is  roughly  indicated  on  the 
accompanying  sketch-map  (Fig.  72),  and  it  is  at  once  evident  that  it 
is  closely  related  to,  though  not  coincident  with,  the  limits  of  the 
gabbro  itself.  The  limit  of  the  sheets  lies  within  that  of  the  gabbro 
to  the  west,  but  beyond  it  to  the  east.  Closer  examination,  with 
reference  to  a  contoured  map,  makes  it  clear  that  there  is  a  vertical 
as  well  as  an  areal  distribution.    Within  a  certain  area,  roughly 
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that  of  the  gabbro  outcrop  and  perhaps  corresponding  pretty 
closely  with  the  original  extension  of  the  gabbro  laccolite,  the 
sheets  are  present  everywltere  above  a  certain  inuigina/ry  surface.  It 
is  in  many  places  not  very  different  from  a  horizontal  plane  at  an 
altitude  of  about  1000  feet.  From  this,  however,  it  makes  some 
noteworthy  departures  corresponding  in  a  general  way  with  the 
deformed  base  of  the  gabbro  laccolite  itself,  as  illustrated  in  the 
accompanying  longitudinal  section  across  the  mountains  (Fig.  73). 
Over  the  greater  part  of  the  area  the  lower  part  of  the  gabbro  is 
almost  or  quite  free  from  sheets.  This  is  well  seen  on  the  western 
border,  where  this  gabbro  practically  without  inclined  sheets 
amounts  to  about  1000  feet  vertically,  and  makes  a  strip  about  a 
mile  wide  on  the  map.  Traced  southward  and  eastward,  the  lower 
limit  of  the  sheets  approximates  more  and  more  to  the  lower  surface 
of  the  gabbro,  and  in  the  southward  direction  reaches  it  a  little 
beyond  Coire  Labain.  In  the  interior  valleys  of  Sligachan  and 
Camasunary,  with  their  main  branches,  and  on  the  shores  of  Loch 
Coruisk,  there  is  only  a  small  thickness  of  gabbro  free  from 
inclined  sheets  ;  although  it  makes  a  considerable  spread,  owing  to 
the  fact  that  the  form  of  the  ground  corresponds  nearly  with  the 
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Fig.  73. — Section  across  the  gabbro  area  to  show  the  vertical  distribution  of 
the  inclined  sheets.  The  strong  line  shows  the  base  of  the  gabbro 
laccolite  :  the  short  lines  represent  the  inclined  sheets,  and  are  drawn  at 
approximately  the  true  inclinations.  The  letters  refer  to  localities,  as 
follows  :  GB,  Glen  Brittle  ;  SB,  Sgurr  na  Banachdich ;  C,  Coruisk  ; 
DR,  Druini  nan  Ramh ;  DE,  Druim  an  Eidhne ;  SO,  Strath  na 
Creitheach  ;  B,  Blatli-bheinn  ;  L8,  Loch  Slapin. 

base  of  the  gabl^ro  not  far  below.  It  is  particularly  to  be  remarked 
that  similar  strips  of  gabbro  without  sheets,  nearl}^  half  a  mile  in 
width,  ran  along  Glen  Sligachan  and  Druim  an  Eidhne  respectively, 
although  the  one  rises  only  a  few  hundred  feet  above  sea-level  and 
the  other  is  above  the  tliousand-foot  contour-line.  This  illustrates 
the  way  in  which  the  lower  limit  of  the  sheets  follows  the  shape  of 
the  base  of  the  gabbro.  Along  the  southern  border  the  inclined 
sheets  come  down  to  the  base  of  the  gabbro ;  and  along  the  south- 
eastern border,  i.e.  on  the  outward  slopes  of  the  Blaven  range,  they 
come  down  considerably  below  the  gabbro,  intersecting  the  strips 
of  basaltic  lavas  and  Jurassic  strata  and  the  irregular  sheets  of 
granite  which  together  form  the  slopes. 

The  inclination  of  tlie  intrusive  sheets  is  with  a  very  marked 
regularity  inwards  :  in  other  words,  as  shown  by  tlie  arrows  in  the 
figure,  they  dip  iowards  a  certain  poini  in  the  interior  o^  the  district, 
approximately  beneath  the  granite  hill  Meall  Dearg,  marked  by  an 
asterisk.  The  angle  of  dip  varies.  On  the  ridges  both  of  the 
Cuillins  and  of  the  Blaven  rauL^e  it  is  usuallv  about  35*^  to  40^  from 
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the  horizontal,  and  similar  or  somewhat  higher  angles  are  observed 
on  the  slopes  of  the  Cuillins  towards  Coraisk,  the  dip  sometimes 
rising  to  as  much  as  50^.  On  the  outward  slopes  of  the  Cuillins, 
on  the  other  hand,  the  inclination  is  gentler,  the  dips  falling  to 
20°  or  even  as  low  as  10°  in  places.  There  seems  indeed  to  be 
a  general  rule  that  the  inclined  sheets  become  steeper  towards 
the   interior  of  the  district. 

At  any  given  locality  the  sheets  preserve  their  parallelism  with 
a  remarkable  degree  of  regularity,  rarely  touching  or  cutting  one 
another,  although,  in  the  higher  parts  of  the  mountains  especially, 
they  occur  at  very  short  intervals.  Nor  do  they  often,  like  the 
sills  in  the  lava  group,  run  in  contact  with  one  another,  though 
such  instances  of  double  and  triple  sheets  are  not  unknown. 
The  individual  sheets  attain  no  great  magnitude,  the  great  majority 
being  not  more  than  two  or  three  feet  thick,  and  many  less  than  a 
foot.  They  are  visibly  continuous  for  very  long  distances,  and  run 
as  a  rule  with  great  regularity.  Only  occasionally  is  a  sheet 
found  to  be  interrupted  and  displaced  in  a  fashion  already  noticed 
in  the  case  of  the  dykes ;  either  with  or  without  visible  connec- 
tion of  the  parts  by  strings  and  veins,  but  at  least  with  a 
tendency  to  such  connection  (Fig.  74).     The  general  regularity  of 


Fig.  74. — Section  to  illustrate  the  shifting  of  an  inclined  basic  sheet,  cutting 
the  gabbro,  near  the  outfall  of  Allt  a*  Chaoich,  Loch  Scavaig. 

behaviour  of  the  sheets  in  such  a  country-rock  as  gabbro  is  very 
striking. 

Since  there  is  almost  conclusive  evidence  that  the  sheets  die 
out  downwards,  we  must  suppose  that  they  have  been  fed  by  dyke- 
fissures,  and  the  only  dykes  which  can  be  pointed  out  as  probably 
marking  the  positions  of  these  fissures  are  some  of  those  with 
radiate  disposition.  In  a  few  instances  dykes  of  this  set  have 
been  observed  turning  abruptly  into  sheets.  It  is  true  that  in  the 
great  majority  of  cases  which  we  have  noticed  during  the  mapping 
the  radial  dykes  are  cut  by  the  sheets,  but  exceptions  are  found 
in  which  the  reverse  relation  occurs.  Even  if  the  inclined  sheets 
invariably  cut  the  radial  dykes,  it  might  still  be  that  the  latter 
were,  as  a  group,  contemporaneous  with,  and  the  feeders  of,  the 
sheets ;  for  it  may  be  with  these  sheets,  as  with  the  sills  of  the 
plateaux,  that  the  higher  were  intruded  before  the  lower.  It  is 
more  probable  that  some  of  the  radial  dykes  hold  this  relation, 
while  others  are  of  somewhat  earlier  age,  and  are  independent 
intrusions. 

To  illustrate  the  chemical  composition  of  the  inclined  sheets  a 
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oomplete  analjEis  has  been  made  bjr  Dr  PollardL  Side  by  side 
with  it  we  reproduce  for  oomparisoti  the  analj^es  of  two  other 
basic  rocks  of  the  district.  It  is  to  be  noticed  that,  despite  the 
intimate  association  of  the  inclined  sheets  with  the  gabbro 
laccolite,  there  is  no  close  resemblance  between  them  as  regards 
chemical  composition.  The  characteristic  high  alumina-percentage 
of  the  gabbro,  and  its  low  titanic  acid,  iron-oxides,  alkalies,  and 
phosphoric  acid,  find  no  parallel  in  the  inclined  sheets.  These 
late  intmsions  show  more  general  resemblance  to  the  basic  sills 
of  the  plateau  oountnr;  but  this  has  probably  no  special 
significance,  the  sheets  being  undoubtedly  a  local  group  connected 
with  the  Cuillin  centre.  In  the  arc-spectrum  taken  by  Sir 
J.  Norman  Lockver  the  lines  of  chromium  and  vanadium  are 
conspicuously  shown. 
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I.  [80G2].  Dolei-ite,  inclined  sheet  intei-secting  the  gabbro,  100 
yarrls  S.  of  Ixxh  a'  Bhasteir,  near  Sgiirr  nan  Gillean  :  anal. 
W.  Pollard.     Baiium  sought  but  not  found. 

A.  [«194].     Olivine-Gabbro,  CW'  a'  Mhadaidh :  anal.  W.  Pollard; 

repeated  for  comparison. 

B.  [7854].     Olivine- Dolerite,  sill  in  basaltic  lavas,  summit  of   Ben 

Lee,    near   Loch   Sligachan :    anal.    W.    Pollard ;    repeated   for 
comparison. 

Petrographically  the  inclined  sheets,  while  constantly  of  basic 
componition,  present  some  range  of  variety.  Tlie  most  usual  type 
is  a  mofhrately  fine-textured  dolerite,  ivUhout  olivine.  Such  rocks 
are  widely  distributed  throughout  the  gabbro  mountains,  and 
may  be  studied  in  the  Sgurr  nan  Gillean  group  and  many  other 
places.     Tn  hand-specimens  they  are  dark  erey.  evidently  crystal- 
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line  rocks,  without  porphyritic  elementa.  In  thin  slices  they  are 
seen  to  have  a  typical  ophitic  to  sub-ophitic  structure.  The 
felspars  present  narrow  rectangular  sections,  about  -^  inch 
long,  with  albite  twinning:  when  a  little  broader,  they  show 
carlsbad  twinning  in  addition.  Their  extinction-angles  indicate 
labradorite.  The  augite,  very  pale  brown  in  the  slices,  enwraps 
and  sometimes  encloses  the  felspars.  It  is  usually  fresh,  but  in 
places  has  given  rise  to  patches  of  a  green  chloritic  material  with 
confused  scaly  structure.  Opaque  iron-ore  is  abundant  in  grains 
and  sometimes  in  skeleton-shapes:  it  is  in  the  main  magnetite, 
though  ilmenite  can  also  be  identified.  In  addition  there  may  be 
a  little  pyrites,  visible  as  brass-yellow  specks  on  a  hand-specimen. 
Olivine  is  not  found  in  this  common  type,  and  apatite  is  only 
sparingly  present.  An  amygdaloidal  structure  is  rare  here  and 
in  the  inclined  sheets  generally. 

Slight  variations  from  this  type  occur  in  some  examples.  In 
one  or  two  slices  there  are,  in  addition  to  the  dominant  felspar 
with  its  *' lath-shaped"  sections,  scattered  crystals,  larger  and 
broader,  with  no  good  outlines.  These  are  untwinned,  and  some- 
times show  a  slight  zonary  banding  between  crossed  nicols. 
They  are  clearly  of  somewhat  late  crystallisation,  being  moulded 
on  the  augite,  which  in  these  places  is  partially  idiomorphic 
[8061].  More  exceptionally  these  shapeless  zoned  felspars  become 
an  important  constituent  [7472],  as  in  some  varieties  of  the  basic 
dykes. 

Another  variety  arises  from  the  presence  of  relatively  large 
felspars,  ^  inch  or  more  in  diameter,  which  give  the  rock  something 
of  a  porphyritic  appearance.  The  sporadic  occurrence  of  these 
felspars  often  suggests  that  they  may  be  derived  elements 
(xenocrysts  of  Sollas)  from  the  gabbro,  and  this  suspicion  is 
confirmed  by  microscopic  examination.  The  crystals  are  some- 
times curiously  fissured,  and  contain  little  round  inclusions  with 
a  peculiar  disposition  (often  following  pericline  lamellae)  which 
may  be  of  secondary  origin  [7471].  These  scattered  felspars  are 
found  in  several  cases  in  sheets  which  enclose  abundant  d6bris 
(xenoliths)  of  gabbro,  e.g.  on  Sgtirr  a  Bh^teir  [7855],  in  Lota 
Gorrie,  and  at  several  places  on  I)ruim  nan  Bamh ;  a  circumstance 
which  strengthens  the  supposition  that  they  are  of  foreign 
origin. 

Distinct  from  the  preceding  are  the  truly  porphyritic  rocks 
which  are  found,  sometimes  numerously,  in  certain  parts  of  the 
mountains.  The  prevalent  type  in  Coir'  a'  Chruidh,  to  the  east  of 
Gars-bheinn,  is  a  porphyritic  dolerite,  without  olivine  [8710].  It 
has  a  compact  dark  grey  ground,  through  which  are  scattered 
abundant  small  felspars  and  rarer  black  specks  of  augite.  Thin 
slices  show  these  felspars  to  be  labradorite  with  carlsbad  and 
albite  twinning  and  some  degree  of  zonary  banding.  They  are 
clear,  and  contain  large  inclusions  of  the  ground-mass.  Some- 
times they  are  aggregated,  together  with  some  augite,  to  form 
"  glomero-porphyritic "   groups.      The  ground-mass    is    of  little 
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felspar  laths  with  subordinate  augite,  but  abundant  magnetite  in 
minute  crystals  and  granules.  The  specific  gravity  of  a  specimen 
from  Coir*  a'  Chruidh  is  2-907. 

A  common  type  on  Gars-bheinn  and  its  neighbour  to  the  north, 
S^ilrr  a'  Choire  Bheag  (not  named  on  the  Ordnance  map),  has 
porj^hyritic  felspars  up  to  nearly  ^  inch  in  diameter  with  more  or 
lesH  rounded  outlines.  These  are  sometimes  so  numerous  as  to 
mako  up  quite  half  of  the  rock  [8711].  They  are  labradoritey 
with  Carlsbad,  albite,  and  rarely  pericline  twinning,  and  contain 
round  glass-inclusions.  The  ground-mass  is  rather  fine-textnred, 
and  has  the  granulitic  structure  as  a  rule,  consisting  of  little  felspars, 
abundant  augite,  and  some  small  crystal-grains  of  magnetite. 

On  Sgilrr  Thuilm  occur  numerous  sheets  of  a  porphyritic  olivine^ 
dolerite  [7850],  not  observed  elsewhere.  It  is  a  dark  ffrey,  finely 
cryHfAllino  rock,  showing  abundant  small  felspars,  usually  less  than 
{f  in(;h  in  length,  with  partially  rounded  shape.  These  in  a  thin 
slice  are  seen  to  contain  irregular  inclusions  like  altered  glass- 
cavities.  They  have  the  usual  carlsbad  and  albite  twinning,  and 
also  very  evident  zonaiy  banding  between  crossed  nicols.  The 
ground-mass  is  of  the  granulitic  kind,  and  consists  mainly  of  small 
lath-shaped  felspars  and  light  brown  granules  of  augite.  In  addi- 
tion to  the  slender  felspars  with  albite  twinning,  ranging  up  to  about 
^ff  inch  in  length,  there  are  a  few  more  shapeless  crystals,  zoned 
but  not  twinncid,  forming  a  later  generation.  Magnetite  granules 
are  fairly  plentiful,  and  olivine  is  represented  by  green  or  yellow- 
green  strongly  pleochroic  pseudoraorphs,  with  straight  extinction 
referred  to  a  marked  set  of  cleavage-traces,  comparable  with  the 
mineral  already  noticed  in  the  basaltic  lavas  and  gabbros. 

Th(^  prevalent  type*  is,  as  we  have  stated,  that  of  a  dolerite  with- 
out olivine.  Then'  arc,  liowever,  in  several  pai-ts  of  the  mountains 
sheets  of  oil riiie-doic rite  of  a  decidedly  mon»  basic  type,  in  which 
that  mineral  is  j)reseiit  in  some  abundance.  Such  sheets  do  not 
oec^ur  in  ^reat  number,  but  they  are  often  very  j)rominent,  owing 
U)  their  suj)erior  durability  and  to  the  rusty  weathered  surface 
wliieli  they  pn^sent.  A  strong  sheet  of  this  kind,  with  conspicuous 
fels])ars  (not  porphyritic;)  from  j}  to  \  inch  in  diameter,  forms  the 
two  summits  of  Hlath-blieinn.  This  is  of  coarse  texture,  resem- 
})lin^^  a  ^^ab})ro  in  geiKTal  api)earance  [8712].  Another  red- 
weathering  sheet  is  seen  at  tlie  sunmiit  of  S^urr  Uearg,  forming  the 
j)erilous  sloi)e  towards  th(»  east.  This  is,  like  the  other,  a  dark  rock 
with  a  tendency  to  spluM'oidal  weathering*",  but  it  is  not  of  such 
coarse  texture  [8830].  It  has  a  specific  gravity  2"96.  Several 
small  sheets,  eomparablt*  in  some  respects  with  that  of  Blath- 
bheinn  summit,  crop  out  on  the  western  face  of  Sgilrr  na  Stri 
[871.*)],  and  others  might  be  enumerated  from  other  localities. 

The  fels})ar  of  these  rocks  is  of  varieties  more  basic  than  labra- 
dorite.  In  the  Sgfirr  na  Stri  sheets  it  is  bytownite,  in  the  other 
examples  mentioned  anorthite.  It  always  shows  a  strong  zonary 
banding  between  crossed  nicols,  but  this  is  only  near  the  border  of 
the  crystal  ;  our  specification  applies  to  the  interior  and  principal 
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portion.  There  is  carlsbad  and  albite  twinning,  and  in  the  coarser- 
textured  rocks  pericline  also.  Glass-inclusions  are  sometimes 
conspicuous  by  their  relatively  large  size.  Olivine  is  represented 
by  abundant  pseadomorphs  of  green  serpentine,  sometimes  with 
pilitic  hornblende.  Magnetite  occurs  in  various  forms,  and 
occasionally  a  few  needles  of  apatite.  The  augite  is  of  a  pale  brown 
colour  in  thin  slices,  with  evident  zonary  growijh,  the  central  part 
being  paler  than  the  margin.  In  the  Sgtirr  Dearg  sheet  it  has  the 
ophitic  habit,  but  the  coarser  rocks  have  a  structure  approximating 
more  to  the  hypidiomorphic. 

In  the  strong  ledges  which  these  sheets  rich  in  olivine  build,  and 
usually  too  in  the  rusty  colour  which  they  assume  on  exposed 
faces,  we  find  a  resemblance  to  the  peridotites  to  be  described  in 
the  following  chapter.  Although  the  apparent  similarity  is  dis- 
pelled by  closer  examination,  we  have  seen  that  these  sheets  are 
still  decidedly  more  basic  than  the  majority.  Begarding  them  as 
a  distinct  sub-group,  we  also  find  indications  that  they  are  of  some- 
what later  intrusion  than  the  general  assemblage  of  inclined 
sheets.  So  far  as  has  been  observed,  they  intersect  all  other  intru- 
sions which  they  encounter,  and  are  intersected  by  none,  which 
cannot  be  predicated  of  the  inclined  sheets  as  a  whole.  It  is  there- 
fore possible  that  these  few  sheets  may  be  intermediate  in  age,  as 
well  as  in  composition,  between  the  ordinary  dolerite  sheets  and 
the  succeeding  ultrabasic  intrusions. 

The  inclined  sheets  of  basic  rocks  not  infrequently  carry 
xenoliths,  though  rarely  in  such  quantity  as  is  observed  in  certain 
groups  of  the  basic  dykes  of  the  island.  Instances  occur  on  SgArr 
a*  Bh^teir,  on  Bidein  Druim  nan  Ramh  and  the  neighbouring  part 
of  the  ridge,  in  Lota  Corrie,  Coir'  a'  Mhadaidh,  and  other  parts  of  the 
Cuillins.  The  "  Inaccessible  Pinnacle"  of  Sgtirr  Dearg  rests  on  a 
sheet  exceptionally  fall  of  xenoliths.  In  certain  sheets  also  there 
are,  as  remarked  above,  quasi-porphyritic  crystals  of  felspar  which 
seem  to  be  of  foreign  derivation.  The  phenomena  are  very  similar 
to  those  already  described  in  the  dykes.  In  the  present  case,  how- 
ever, the  enclosed  d6bris  is  apparently  always  of  gabbro,  and  may 
therefore  have  been  picked  up  from  the  rocks  which  the  sheets 
traverse.  The  xenoliths  are  often  clustered  together  about  parti- 
cular places  along  the  outcrop  of  the  sheet  in  which  they  occur, 
and  they  are  sometimes  very  unequally  distributed  in  the  width 
or  thickness  of  the  sheet,  a  circumstance  also  observed  in  some  of 
the  dykes.  This  is  well  seen  in  an  inclined  sheet,  6  feet  thick, 
which  crosses  the  southerly  ridge  of  Sgtirr  an  Eidhne  at  about  1240 
feet  altitude.  The  sheet  consists  of  two  bands,  the  underlying  one 
full  of  gabbro  xenoliths,  the  overlying  one  quite  free  from  them. 
There  is,  however,  no  sharp  division  between  the  two  portions,  and 
it  cannot  be  doubted  that  the  whole  represents  a  single  intrusion. 
The  magma  as  intruded  must  have  consisted  of  two  portions,  one 
with  and  the  other  without  xenoliths,  and  the  two  portions  have 
been  drawn  out  into  the  sheet  form  without  mingling  except  at 
their  actual  junction  with  one  another. 
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CUAPTER  XXII. 
Later  Peridotites. 

Ill  this  chapter  we  have  to  describe  certain  nltrabasic  rocks,  and 
rocks  bordering  on  the  nltrabasic  in  composition,  which  are  younger 
than  th(j  laccolitic  bodies  of  plutonic  peridotites  described  in 
Chapter  VI.  Some,  at  least,  of  them  are  very  mnch  yonnger,  and 
are  among  the  latest  intrusions  in  Skye.  The  age  of  others  cannot 
be  determined  with  the  same  precision.  We  have  indeed  to 
recognise  more  than  one  group,  and,  since  the  differences  are 
petrographical  as  well  as  geological,  separate  descriptions  are 
necessary. 

We  take  first  the  most  numerous  and  striking  group  of  later 

ultrabasic  rocks,  the  peridotite   dt/lces   of   the   CuiUiiis   and  of  the 

Strathaird  peninsula.      In   the    mountains   these   dykes  are  not 

uniformly  distributed,  but  are  found   within  the  crescentic  area 

indicated  in  Fig.  75,  and  are  most  abundant  about  the  middle  of 

that  area.     Tlie  most  northerly  example  occurs  about  f  mile  north 

of  the  summit  of  Sgiirr  nan  Gillean,  upon  the  east  side  of  the  deep 

ravine  which  drains  the  corrie  Am  I^steir.     Its  bearing  is  a  little 

E.  of  N.     Another  is  seen  not  far  to  the  west,  in  the  bum  which 

comes  down  from  the  t\ist  sivle  of  ^feall  Odhar.     This  has  in  places 

a  curved  course,  but  its  gentTal  direction  is  towards  N.N.W.     Two 

otluM's,  bearinrr  somelliinLT  W.  of  N.W.,  occur  on  Scjurr  Thuilm  and 

in  tho  upper  part  ot"  Coir'  a'  (ihreadaidh,  one  C)f  these  crossing  the 

main  ridj^e  clost*  to    tlie  deep    notch  between  Sgurr  a'  Mhadaidh 

and  Scrurr  a'  Ghreadaidh.      One  on  the  slope  below  An  Diallaid 

bears  about  W.N.W.,   and   two  or  three   on    Sgurr  nan   Gobhar 

W.    by    N.      Some    ei^rht    or     nine    dykes    of    this    group    are 

met     witli     in     a    distance    of    about    ^[     mile     on     Sgiirr    na 

Hanachdich  and  Scrurr  Dearer,  this  btMnir  the  part  of  the  range  in 

which    they  are   most   trecjuent.       Here  their  direction  is   about 

W.-E.     Farther  south  the  dykes  become  rarer,  and  their  direction 

swings  round  still  further.     Two  on  Strurr  nan  Eag  strike    almost 

due  S.,  and  two  on  the   west  slope  of  (Jars-blR*inn  a  little  E.  of  S. 

After  this  the  dykes  of  this  group  are  apparently  wanting  for  a 

considerable    interval,    thoui^li  peridotite   dykes    belonging  to  the 

earlier  t^poch  are  found  entangled  in  the  gabbro,  as  already  noticed. 

Then,  nearly  four  miles  away,  at  Ben  Cleat  in  the  peninsula  of 

Stratliaird,  three  other  dykes    of  precisely  similar  characters  are 

seen,  two  near  the  top  of  that  hill  and  one  in  the  dip  between  it  and 

the  neighbouring   Wi^n  Meabost.     'J'hese  run  in  a  S.S.h].  direction. 
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From  the  varying  strike  of  all  the  dykes,  as  stated,  it  is  evident 
they  have  a  regular  radiate  disposition  about  a  centre  in  the  interior 
of  the  gabbro  area.  The  group  as  developed  does  not,  however, 
comprise  a  complete  circle  but  a  little  more  than  a  semicircle ;  and 
this  is  situated  towards  the  south-west,  the  quarter  in  which  the 
peridotite  laccolites  were  intruded  at  a  much  earlier  epoch. 

The  ultrabasic  dykes  of  the  Cuillins  cut  all  other  rocks  which 
they  encounter,  including  the  inclined  basic  sheets,  and  are  there- 
fore the  youngest  rocks  in  the  mountain  district.     There  can  be  no 
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FiQ.  75. — Sketch-Map  to  illustrate  the  distribution  of  the  peridotites,  older 
and  younger.     Scale,  ^  inch  to  a  mile. 

The  older  plutonic  laccolites  of  the  south-western  Cuillins  (with  one  in 
the  Isle  of  Soay)  are  marked  in  black. 

The  largo  crescentic  area  enclosed  by  a  dotted  boundary  embraces  the 
younger  peridotite  dykes  of  the  Cuillins  and  the  Strathaird  peninsula. 
The  only  peridotite  dykes  outside  this  area  are  a  group  on  the  coast  of 
Loch  Brittle  at  B,  but  peridotite  sills  occur  in  Soay  as  indicated.  The 
boss  of  An  Sguman  is  situated  at  the  point  marked  S,  and  the  intrusions 
of  Glamaig  and  Cam  Deai^  at  G  and  D,  on  the  prolongations  of  the  two 
horns  of  the  crescent. 

reasonable  doubt  that  the  Ben  Cleat  dykes,  in  Strathaird,  belong 
to  the  same  well  marked  natural  group,  though  direct  evidence  tells 
us  only  that  they  cut  the  basic  sills  of  the  great  group,  and  are  not 
themselves  cut  by  any  other  dykes. 

Tliese  dykes  have  very  distinctive  characters  in  the  field,  as  well 
as  petrographical  peculiarities.  Their  direction,  as  we  have  seen, 
varies  in   different   localities,   in    accordance   with  their  radiate 
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grouping  about  a  centre^  It  is  often  noticeable,  however,  that  they 
do  not  hold  straight  courses,  being  much  more  liable  to  irregularity 
in  this  respect  than  the  basic  dykes  of  the  region.  They  often  occur 
associated  in  twos  and  threes,  and  then  may  sometimes  intersect 
one  another  (Sgurr  nan  Gobhar)  or  run  side  by  side  in  contact  for 
a  certain  distance  (An  Diallaid).  A  dyke  about  15  feet  wide, 
C(»nspicuous  in  the  upper  pait  of  Coir'  a'  Ghreadaidh,  is  split  along 
the  iniddl(»  by  a  parallel  dyke,  one  foot  in  width,  of  similar  type ; 
and  the  latter  has  chilled  selvages,  indicating  that,  while  the  dykes 
of  this  group  bolong  in  a  general  sense  to  one  epoch,  they  were  not 
all  strictly  contemporaneous.  These  ultrabasic  dykes  range  up  to 
30  or  40  feet  in  width,  and  most  of  them  are  wider  than  the 
generality  of  basic  dykes  ;  while  they  are  further  conspicuous  from 
the  fact  that  they  always  ntand  out  in  relief,  as  being  more  durable 
than  the  gabbro.  Another  feature  whch  catches  the  eye  is  the 
rusty  weathered  surface,  which  characterises  these  dykes  in  common 
with  the  older  peridotites  of  the  district.*  Among  other  irregular- 
ities of  behaviour,  the  dykes  of  this  group  pass  in  one  or  two 
instances  into  inclined  sheets.  This  is  seen  on  the  summit  ridges 
of  Sgilrr  na  Baiiachdich  and  Sgurr  Dearg.  In  the  latter  case  the 
sheet  is  seen  to  cut  other  peridotite  dykes,  which  is  suflScient  to 
separate  it  sharply  from  the  group  of  inclined  basic  sheets  already 
described,  with  which  it  agrees  in  dip. 

To  the  dykes  of  the  Cuillins  we  must  add,  as  appertaining  with 
tolerable  certainty  to  the  same  group  of  intinisions,  certain  penWof  ife 
siUs  intercalated  among  the  Torridonian  strata  in  the  Isle  of 
Soay.  Specimens  have  been  examined  from  four  such  sills,  mapped 
by  Mr  Clougli.  The  only  direct  evidence  of  the  age  of  these 
intnisions  is  that  they  cut  such  other  rocks  as  they  encounter; 
hut  the  close  pctrotrraphirfil  rt'semblaiirc*  which  they  present  to  the 
Skve  dykes  leaves  little  doubt  of  their  helontrins:  to  the  same 
epoch.  We  have  already  seen  that  Soay  eont^ains  an  outlying 
member  of  the  older  t^n'oup  of  plutonie  peridotites.  The  sills  seem 
to  b(*  somewhat  irregular  in  their  behaviour,  and  may  enclose 
portions  of  tli(»  l\')rri(lonian  <^n"it  partially  vitrified  in  the  manner 
already  described  in  the  basic  sills  of  the  same  island  [0985]. 

It  is  probable  that  peridotite  dykes  of  late  age  are  to  be  found  at 
other  centres  of  igneous  activity  in  the  Western  Isles.  In  Kum 
Professor  Judd,  tliouirh  not  explicitly  recognising  two  distinct 
epochs  of  ultrabasic  intrusions,  points  out  that  the  rocks  of  this 
family  are  not  all  of  one  age.  lie  ligiirest  a  vein  of  perid<^tite 
intersecting  and  shifting  one  of  olivine-gabbro,  which  itself  cuts  an 
olivine-rock  (dniiite).  He  ap})arently  n^ganls  the  later  j)eridotite 
as  of  the  nature  of  a  '•  segregation"  or  "  contemporaneous''  vein, 
but  its  petrographical  nature  (as  a  porpliyritic  dunite)  suggests  a 

*The  n.'inio  Si^urr  De«'irg  (lied  Peak)  is  pr«)])ably  derived  from  the  red- 
weatherijiL,Mlykes  wliicli  are  prominent  c)])jects  on  the  slopes  i)f  the  niuuntain  ; 
and  Coirciiclian  Kuadha,  where  the  older  peridt>tite.s  give  a  similar  elfect,  has 
presumaoly  rec»;ived  its  name  fnmi  the  s^ime  eircinnstance. 

f  Qiian.  Journ.  (Jc<d.  .SW.,  vol.  xli.,  p.  ;>.">0  ;   1885. 
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different  view.     We  shall  see  that  porphyritic  dunite  is  a  type 
represented  among  the  later  peridotite  dykes  of  Skye.* 

Petrographically  our  dykes  and  sills  present  several  features  of 
interest.  They  resemble  in  many  respects  the  earlier  peridotites  of 
plutonic  habit  already  described,  but  they  differ  from  those  just  as 
the  dolerite  dykes  differ  from  the  gabbros,  having  distinctive 
characters  which  we  may  describe  summarily  as  those  of  hypabys- 
sal  rocks.  The  hypabyssal  representatives  of  the  peridotites  in 
general  have  received  hitherto  but  little  notice  from  petrographers, 
and  the  literature  of  the  subject  furnishes  only  scanty  information 
concerning  them.  Classificatory  schemes,  such  as  that  of  Rosen- 
busch,  make  no  provision  for  these  rocks,  and  they  have  received  as 
yet  no  collective  name,  the  few  which  have  been  recorded  having 
been  included  with  their  abyssal  equivalents  under  the  name 
peridotite,  here  adopted  under  protest.  Although  the  differences 
between  abyssal  and  hypabyssal  types  among  the  ultrabasic  rocks 
are  less  conspicuous  than  among  those  of  ^cid,  intermediate,  and 
basic  composition,  they  are  nevertheless  sufficiently  noteworthy  and 
significant. 

The  dykes  and  sills  consist  of  dense  crystalline  rocks  usually  of 
dark  colour,  with  the  great  hardness  and  toughness  already 
remarked  in  the  plutonic  peridotites.  The  dykes  almost  constantly 
enclose  xenoliths  up  to  three  or  four  inches  in  diameter,  but  these 
may  be  very  unevenly  distributed,  across  the  width  as  well  as  along 
the  length  of  a  dyke ;  and  in  other  respects  also  there  may  be  very 
marked  variations  from  place  to  place  in  a  given  dyke.  The  xeno- 
liths, giving  rise  sometimes  to  projections,  sometimes  to  depressions, 
on  a  weathered  face,  help  to  increase  the  characteristic  roughness  of 
the  iron-stained  surface. 

The  constituent  minerals  are  the  same  as  those  of  the  rocks 
forming  the  earlier  laccolites,  but  without  the  **  schiller  "  structures 
and  other  peculiarities  cliaracteristic  of  deep-seated  intrusions. 
The  olivine  only  quite  exceptionally  contains  the  inclusions 
described  on  pp.  68,  69,  and  then  only  imperfectly  developed,  the 
dendritic  growths'  of  magnetite  being  too  on  a  very  minute  scale 
[9233].  The  augite  is  never  diallagic,  but  shows  only  the  ordinary 
prismatic  cleavage,  with  a  very  pale  brown  colour  in  thin  slices. 
The  felspar  seems  to  be  always  near  anoiiihile  in  composition :  it 
has  albite  twin-lamellation  and,  in  the  larger  crystal-plates,  occa- 
sional lamell83  answering  to  the  pericline  law.  The  mineral  which 
plays  the  part  of  an  iron-ore,  forming  little  octahedral  crystals,  is 
probably  always  chromiferous.  In  the  thinnest  parts  of  the  slices 
it  becomes  translucent  or  transparent,  with  a  deep  coffee-brown 
colour,  and  it  may  be  conveniently  spoken  of  as  picotite. 

These  dyke-rocks  exhibit  a  range  of  petrographical  variety 
corresponding  generally  with  that  presented  by  the  earlier  plutonic 

*  Since  this  was  written,  the  survey  of  Rum  has  shown  that  dykes  of  this 
group  are  onlv  sparingly  represented  there.  Two  intersect  the  Torridon 
Sandstone  of  the  south  of  the  island,  to  tibe  ea^t  of  Papadil. 
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peridotites.  The  rare  enstatite-anoi'tliite  type  (norite),  however, 
has  not  been  met  with  liere,  and  the  olivine-anorthite-rock  (trocto- 
lite)  does  not  build  separate  dykes,  though  it  is  very  common  in  the 
form  of  xenoliths.  As  seen  in  hand-specimens  the  dyke-rocks 
differ  from  those  of  the  older  laccolites  in  their  generally  finer 
texture  and  in  the  frequent  coming  in  of  the  porphyritic  structure. 
Where  this  latter  is  found,  the  phenocrysts  are  of  olivine  and  some- 
times augite. 

One  of  the  most  beautiful  rocks  is  that  of  a  dyke  crossing  the 
ridge  of  Sgiirr  na  Banachdich  not  far  north  of  the  chief  summit. 
It  may  be  termed  a  porphyritic  dunite,  and  exhibits  abundant 
yellowish  green  crj'stals  of  olivine,  i  to  ^  inch  long,  in  a  darker 
ground  of  medium  gmin.  The  microscope  shows  that  the  ground- 
mass  also  consists  essentially  of  olivine  in  a  granular  aggregate, 
enclosing  little  octahedra  of  picotite  [8838].  A  tendency  to 
jmrallel  orientation  of  the  crystals  in  this  dyke  gives  rise  to  a  rough 
platy  fracture.  A  specific  gravity  determination  gave  3*065,  but 
the  density  of  the  specimen  has  been  somewhat  lowered  by  serpen- 
tinisation. 

As  in  the  older  peridotite  group,  so  in  these  later  dykes  and  sills 
the  pure  olivine-rock  is  not  the  prevalent  type.  Several  of  the 
rocks  are  augite-peridotites,  consisting  of  olivine  (predominant)  and 
augite,  with  the  usual  picotite  and  only  a  veiy  small  proportion  of 
fels])ar.  The  prominent  dyke  on  the  N.E.  slope  of  An  Diallaid,  in 
Coir'  a*  Ghreadaidh,  is  a  good  example  [9244].  In  others,  of  the 
same  general  constitution,  there  is  again  a  porphyritic  development 
of  olivine.  Examples  of  this  occur  on  Sgilrr  Dearg  and  Ben  Cleat 
[8716,  9245].  In  some  instances,  while  relatively  large  olivine 
crystals  are  seen  in  the  hand-specimen  and  a  thin  slice  shows  that 
tlu»  fmor  iifniined  portion  of  tlu'  I'ock  consists  largely  of  the  same 
miiu'ral,  the  separation  into  two  distinct  generations  is  somewhat 
obsiunvd  by  tlio  oct'uiTence  in  addition  of  crystals  or  crystal-grains 
of  intermediate  size.  Hiis  is  the  case  in  one  of  the  sheets  intruded 
in  th(^  Torridonian  of  Soay.  It  is  a  handsome  rock  of  dark  green 
colour  with  a  specific  gravity  3*]  6,  and  evidently  consists  mainly  of 
olivine,  partly  in  crystals  up  to  ^  incli  in  length.  A  thin  slice 
[9979]  shows  that  olivine,  in  larger  and  smaller  elements,  is  the 
dt)ininant  constituent,  but  tlurc  are  also  a  fair  amount  of  pale 
brown  augite  and  some  anortliite,  in  addition  to  the  usual 
])icotite  crystals.  Tliis  rock,  which  may  be  styled  a  porphyritic 
])cri<lotite,  has  a  certain  parallel  orientation  of  its  crystals  which 
gives  rise  to  a  decided  fissility,  as  in  the  porphyritic  dunite  of 
Sgurr  na  J-Janaclulich. 

By  the  coining  in  of  some  felspar  (anortliite)  as  an  essential 
constituent,  with  some  diminution  in  the  proportion  of  olivine,  we 
have  a  transition  from  peridotites  in  the  narrower  sense  to  picrites. 
This  is  illustrated,  e.//.,  in  the  dvke  of  Allt  an  Uclid  Bhuidhe,  N.P]. 
of  ^leall  Odhar,  on  the  northern  border  of  the  Cuillins  [9240]. 
Good  exam]^les  of  picrite  dykes  are  found  in  Sgurr  Dearg  and  again 
between  Ben  Cleat  and  Ben  Meabost  in  Strathaird  [7480].     This 
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latter  picrite  has  a  specific  gravity  3*02.  All  these  peridotites  and 
picrites  are  rocks  of  medium  to  rather  fine  grain.  They  have 
suffered  more  serpentinous  alteration  than  the  plutonic  peridotites, 
but  some  of  these  are  still  in  a  remarkably  fresh  state. 

One  rock,  differing  somewhat  from  all  the  rest,  requires  more 
particular  notice.  It  forms  a  small  dyke  already  mentioned  as 
running  along  the  middle  of  a  larger  one  in  the  upper  part  of 
Coir'  a'  Ghreadaidh.  The  large  dyke  is  a  peridotite  approaching 
picrite  in  composition,  and  offers  no  peculiarity  [9241].  It 
is  a  prominent  object,  coming  down  from  the  northern  end  of 
Sgtirr  a'  Ghreadaidh,  crossing  the  floor  of  the  corrie,  and  running 
up  to  the  ridge  of  Sgtirr  Thuilm.  The  small  dyke,  resem- 
bling the  larger  in  containing  abundant  xenoliths  of 
troctolite,  eic,,  is  of  much  finer  texture,  and  microscopic  examin- 
ation shows  at  once  that  it  is  of  less  basic  nature.  Its  central 
portion  [9242]  has  indeed  the  appearance  of  a  basalt  or  fine  olivine- 
dolerite  rather  than  a  picrite.  Felspar  is  abundant,  in  narrow 
rectangular  sections  about  -^  inch  long,  and  it  is  apparently  not 
true  anorthite.  The  augite  forms  sub-ophitic  grains,  as  in  many 
doleritic  rocks.  Olivine,  however,  is  very  abundant,  and  the 
presence  of  picotite  also  affords  a  link  with  the  ultrabasic  rocks. 
Towards  the  margin  of  the  dyke  the  rock  becomes  finer  [9243],  the 
felspars  sinking  to  about  j^  inch  in  length,  and  the  augite 
granules  becoming  very  minute.  At  the  same  time  olivine  becomes 
comparatively  scarce,  though  octahedra  of  picotite  are  still  present, 
and  there  is  also  abundant  magnetite  in  a  finely  granular  form. 
Still  nearer  to  the  edge  of  the  dyke  the  rock  is  very  compact,  with 
felspars  only  ^-^^  inch  long.  Here  olivine  is  plentiful  again, 
though  represented  by  serpentinous  pseudomorphs.  These  have 
the"  form  of  perfect  ciystals,  ttjVo  to  j^  inch  in  diameter,  often 
hollow.  The  actual  selvage  of  the  dyke  is  a  narrow  crust  of  brown 
glass.  If  other  dykes  of  this  type  exist  in  the  Cuillins,  they  have 
not  been  distinguished  in  the  course  of  our  survey  from  ordinary 
basalt  dykes,  and  this  rather  peculiar  rock  seems  therefore  to  bo 
the  only  representative  of  the  very  latest  magma  intruded  in  the 
Cuillin  district.  It  partakes  of  the  characteristics  both  of  basic  and 
of  ultrabasic  rocks,  and  has  noteworthy  points  in  common  with 
some  intrusive  sheets  in  the  Sleat  district  to  be  described  below 
(Ben  Aslak  type).  It  is  probable,  however,  that  rocks  on  the 
borderland  between  basic  and  ultrabasic  have  been  intruded  at  more 
than  one  epoch,  some  preceding  the  later  peridotites. 

Another  interesting  type  is  presented  by  a  sill  mapped  by  Mr 
Clough  in  the  Isle  of  Soay,  about  ^  mile  S.  by  E.  of  Leac  nan 
Faoileann.  It  is  a  dark,  dense  rock  of  specific  gravity  3*14,  show- 
ing very  abundant  fresh  olivines  in  a  fine-textured  ground.  These 
porphyritic  olivines  are  about  i  inch  in  length  and  have  crystal 
outlines.  In  a  thin  slice  [9980]  it  is  seen  that  the  mineral  occurs 
also  in  a  second  generation,  forming  more  or  less  rounded  grains 
about  yJ-5^  inch  in  diameter.  Octahedra  of  picotite  are  also  present 
in  two  different  sizes,  and  doubtless  of  two  generations.     The 
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ground-mass  consists  mainly  of  innumerable  slender  rods  of 
felspar  with  interstitial  augite,  the  felspars  having  at  any  one  spot 
a  parallel  or  slightly  divergent  arrangement,  as  in  many  so-called 
variolites.  This  disposition  of  the  felspars  is  not  a  flow-structure, 
for  the  direction  of  the  rods  often  abuts  upon  the  porphyritic 
olivines :  the  rods  are  indeed  arranged  in  sub-parallel  or  sheaf-like 
fashion  to  form  bundles,  which  lie  in  various  directions  and  partly 
interlace  \nth  one  another  (Plate  XXVI.,  Fig.  1).  The  rock  is 
mineralogically  a  picrite,  its  special  features  being  the  porphyritic 
development  of  olivine,  which  it  shares  with  other  members  of  this 
group,  and  the  quasi-variolitic  stnicture  of  the  ground-mass,  wliich 
we  have  not  elsewhere  observed  in  decidedly  ultrabasic  rocks, 
though  something  similar  is  found  in  the  Ben  Aslak  type  of 
intrusions,  to  be  noticed  below. 

We  have  next  to  notice  an  isolatexl  occurrence  of  ultrabasic  rock 
of  plutonic  habit,  the  picrite  boss  of  An  Sgfiman,  forming  the  hill  of 
that  name  on  the  south-western  border  of  the  Cuillins.  It  thus 
occupies  about  the  middle  of  the  crescentic  area  within  which  the 
dykes  already  described  are  developed,  and  A\ith  this  group  of 
dykes  we  connect  it,  notwithstanding  its  different  mode  of  occur- 
rence. The  mass  is  1000  yards  long  from  N.  to  S.,  with  a  curiously 
irregular  shape  in  gi'ound-plan.  Its  relations  along  its  boundary 
seem  to  be  everj'^vhere  of  the  abruptly  transgressive  kind,  the 
junction-surface  being  approximately  vertical.  The  rocks  through 
which  it  cuts  are  the  metamorphosed  basalt  lavas  and,  at  its 
northern  end,  the  gabbro ;  and  it  is  thus  clear  that  this  intrusion 
cannot  belong  to  the  earlier  peridotite  group.  The  boss  runs  out 
into  rather  pointed  terminations  both  north  and  south,  while  it 
sends  out  from  near  its  northern  end  straiglit  dykes  towards  the 
east  and  west.  These  dvkes  closely  resemble  those  of  the  radiate 
group  already  described,  and  they  have  the  proper  direction.  A 
group  of  similar  dykes  is  seen  a^^-ain  to  the  west,  on  the  coast 
close  to  the  mouth  of  Allt  Coire  Labain,  the  intervening  ground 
beini^  covered  by  peat.  The  evidence,  though  not  conclusive,  is 
decidedly  in  favour  of  referrinof  this  boss-fonned  intrusion  to  the 
same  epoch  as  the  radiate  dykes.  A  rock  of  plutonic  habit 
belonging  to  so  late  an  epoch  in  the  secjuence  of  intrusions  is, 
however,  anomalous,  and  the  di/cd  evidence  of  its  age  only  proves 
that  it  is  later  than  the  marginal  part  of  the  gabbro  of  the 
Cuillins. 

The  picrite  of  the  An  Sguman  boss  is  a  dark  crystalline  rock  of 
specific  ;:^raviiy  3*10,  of  somewhat  coarser  texture  than  the  dykes 
and  resembling  more  closely  the  prevalent  type  in  the  earlier 
laccolites.  The  rusty  weathered  surface  is  usually  pitted,  owing 
to  the  xenolithic  structure  which  affects  most  of  the  mass;  but  this 
is  not  always  very  pronounced,  since  xenoliths  and  matrix  are  of 
very  similar  nature.  A  noteworthy  point  of  difference  from  the 
laccolites,  and  doubtless  connected  with  the  different  mode  of 
occurrence,  is  the  absence  of  any  banded  structure.     A  thin  slice 
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shows  the  component  minerals  to  be  opaque  iron-ore,  olivine, 
augite,  and  felspar,  crystallised  in  order  as  named  (Plate  XXV., 
Fig.  4,  A).  The  iron-ore,  in  little  octahedra,  has  not  been  tested 
for  the  presence  of  chromium.  The  abundant  olivine,  in  crystal- 
grains  ^  to  -jig^  inch  in  diameter,  contains  flat  cavities  with 
dendritic  inclusions  of  magnetite  of  the  familiar  kind,  and  these  are 
of  unusually  large  dimensions,  being  "002  to  '005  inch  in  length 
(Plate  XXV.,  Fig.  4,  B).  The  augite,  of  a  faint  green  tint  in  thin 
section,  is  perhaps  a  chrome-diopside.  It  has  neither  the  diallagic 
structure  nor  the  basal  striation  (salite-structure),  but  contains 
bands  of  dark  inclusions.  The  felspar  is  anorthite,  in  shapeless 
plates  with  carlsbad,  albite,  and  rarely  pericline  twinning.  As 
minor  accessories  there  are  a  few  scraps  of  brown  hornblende  and 
red-brown  mica  associated  with  the  augite. 

In  addition  to  the  ordinary  xenolithic  structure,  which  it  shares 
with  most  of  our  peridotites,  the  An  Sgtlman  boss  contains  in 
places  along  its  margin  xenoliths  of  a  different  kind,  belonging  not 
to  the  "cognate"  but  to  the  "accidental"  denomination.  They  are 
pieces  of  the  immediately  contiguous  amygdaloidal  basalts,  but  in 
so  advanced  a  stage  of  dissolution  that  everything  but  the 
amygdules  themselves  has  been  totally  destroyed,  these  remaining 
in  a  metamorphosed  state  but  still  capable  of  identification  [8724]. 
The  phenomena  are  strictly  comparable  with  those  already 
described  in  the  gabbro  of  the  neighbouring  part  of  the  CuiUins, 
and  must  be  taken  as  pi-oving  that  this  picrite,  like  the  gabbro, 
has  locally  and  to  a  very  limited  extent  dissolved  and  incorporated 
portions  of  the  contiguous  basaltic  lavas.     {Of,  pp.  96,  97.) 

Two  other  isolated  intrusions,  forming  irregularly  shaped  masses, 
remain  to  be  noticed.  One  of  these  is  situated  immediately  below 
Cam  Dearg,  near  Suishnish  Point,  between  Lochs  Slapin  and 
Eishort.  The  epoch  of  its  intrusion  is  doubtful.  It  occurs 
among  Liassic  strata  just  below  a  triple  composite  sill  already 
noticed  in  Chapters  XII.  and  XIII.,  and  its  behaviour  certainly 
suggests  that  it  is  younger  than  the  sill,  which  seems  to  have 
barred  its  upward  passage.  We  may  conclude  that  the  intrusion 
belongs  to  some  epoch  during  the  phase  of  minor  intrusions,  but 
its  relation  to  the  later  peridotite  dykes  of  the  Cuillins  remains 
problematical. 

References  have  been  made  to  this  locality,  and  diagrammatic 
sections  drawn,  b)'  more  than  one  author.*  The  hill,  with  the 
immediately  adjacent  country  inland,  is  formed  by  a  thick  sill  of 
granophyre  underlain  by  a  thinner  one  of  basalt,  the  whole 
constituting,  as  stated,  one  of  the  peculiar  composite  intrusions  in 
the  Lias  already  described  at  length.  Immediately  beneath  the 
basalt  on  the  southern  or  seaward  face  of  Cam  Dearg  appears  the 

♦MaccuUoch,  Description  of  the  Western  Islands  of  Scotland,  vol.  i.,  p.  384, 
and  vol.  iii.,  pi.  xiv.,  fig.  6;  1819:  Geikie,  Quart,  Joum.  Oeol.  8oc,,  vol. 
xiv.,  p.  17,  and  pL  i.,  tig.  4 ;  1867  :  Zirkel,  Zeits,  deuts,  geoL  Ges.,  vol.  xxiii., 
p.  83,  and  pi.  iv.,  fig.  13 ;  1871 :  Geikie,  Trans,  Boy,  Soc.  Edin.,  vol.  xxxv., 
pp.  59,  60,  fig.  14  ;  1888.  In  the  earlier  papers  cited  the  hill  is  called  Cam 
Nathrach. 
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picrite,  a  dark  dystaUine  rock  fimniiig  a  broad  rib  in  iha  fiMse  cf 
the  clifil  It  runs  down  nearly  vertioally  in  a  8.SJR.  direotioiiy  and 
disappears  under  the  waters  of  the  seaJoch.  Previons  wribin^ 
differing  on  other  points,  have  regarded  this  rib-like  maas  aa 
passing  into  tiie  baa&lt  rill  above,  which  was  sappooed  to  be  a 
sheet-Uke  expansion  of  it.  Hie  detailed  mapping  has  led  to  m 
different  oondnsion  (sea  Fig.  45),  and  shown  uuit  tiie  picrite  maas 
is  quite  independent  of  the  other  intrusions.  Hie  basalt,  my 
different  in  composition  and  texture  from  the  picrito,  has  probably 
come  from  a  dj^ke  forming  part  of  the  northern  boundary  of  tb 
composite  sill,  just  west  m  Loch  Fada,  a  dyke  whidi  semd  also 
at  a  slightly  later  time  for  the  uprise  of  the  gianophyre  magma. 
The  picrite  mass  viewed  from  the  south  mi^ht  be  conndered  aa  of 
the  nature  of  a  dyke,  though  of  an  irr^uar  kind,  the  width  of 
the  outcrop  increasing  upward.  But  on  closer  examination  it  ia 
found  to  pass  at  the  top  into  an  irregular  sheet,  which,  at  first 
touching  the  overlying  basalt,  soon  breaks  away  from  it,  and 
quickly  dies  out.  This  is  clearly  seen  on  the  western  slope  of  the 
hill  (««a  Fig.  45,  p.  21  n 

The  rock,  which  we  have  termed  picrite,  is  in  reality  of  rather 
variable  nature,  ranging  from  a  typical  picrite  to  a  variety 
approaching  olivine-gabbro.  The  specific  gravity  is  2'08  to  8*01 
in  different  specimens.  Mr  Baker  analysed  a  portion  comparatively 
poor  in  olivine,  which  yielded  4S'86  per  cent,  of  silica  and  16'64 
of  magnesia  (1.).    This  is   petrographically  an  ophitic  olivine- 

Sbbro  [89531.  The  prevalent  type  is  apparently  a  picrite  very 
[e  those  of  the  Guillin  lacoolites,  but  without  xenoliths.  In  thin 
slices  of  this  olivine  is  seen  to  make  up  about  one  half  of  the 
bulk  [7076,  7077].  The  mineral  has  tiie  dendritic  magnetite 
inclusions  already  noticed  in  the  plutonic  rocks.  Augite  is 
abundant,  showing  in  the  slices  a  very  faint  yellowish  tint  and  an 
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I.  Olivino-gabbro,  verging  on  picrite  [8953],  below  Cam  Dearg,  near 
SuLshniRli  Point :   anal.  T.  Baker.     (*The  alkalies  are  omitted, 
as  requiring  redetermination.) 
II.  Olivine-dolerite,  verging  on  picrite  1 8952],  Aodann  Clach,  Heast 
Iload,  about  2  miles  S.  E.  of  Broadford :  anal.  T.  Baker. 
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incipient  "schiller"  structure.  Felspar  occurs  interstitially  in 
quite  subordinate  quantity,  and  the  other  constituents  are  a  few 
grains  of  magnetite  and  raggexi  flakes  of  reddish  brown  mica.  In 
the  specimens  sliced  the  rock  shows  considerable  breccciation  on 
a  small  scale. 

It  is  probable,  however,  that  the  transitions  observed  at  Carn 
Dearg  from  picrit^  to  olivine-gabbro  and  olivine-diabase  do  not 
express  completely  the  range  of  variation  in  this  intrusion. 
There  is  reason  to  believe  that  the  mass  extends  northward 
beneath  the  composite  sill  which  forms  the  hill,  and  is  continuous 
with  the  rock  which  emerges  near  Loch  Fada  and  extends  for 
some  distance  towards  AUt  Leth  Slighe,  as  mapped  by  Mr 
Barrow  and  Mr  Wedd.  A  sliced  specimen  from  this  supposed 
northward  extension,  between  Glen  Boreraig  and  Allt  Leth 
Slighe,  is  a  well  characterised  gabbro  without  olivine  [10,078], 
and  in  the  same  neighbourhood  this  graduates  into  diabasic 
varieties.  K  the  continuity  through  Cam  Dearg  can  be  assumed, 
there  is  thus  a  rather  remarkable  difference  between  the  southern 
and  northern  parts  of  a  single  intrusive  body. 

The  other  isolated  intrusion  occurs  a  little  west  of  the  summit 
of  Glamaig,  near  Sligachan.  Like  the  Suishnish  mass  it  is  in  one 
place  like  an  irregular  dyke  and  in  another  like  an  irregular  she^t. 
It  is  not  seen  to  cut  any  rock  other  than  the  basaltic  lavas,  and 
there  is  therefore  no  direct  evidence  as  to  its  precise  age.  We 
may  connect  it  conjecturally  with  the  somewhat  similar  intrusion 
at  Cam  Dearg,  near  Suishnish.  Like  this  it  is  rather  variable  in 
petrographical  characters,  but  part  of  the  mass  consists  of  true 
peridotite.  A  slice  of  this  [9254]  shows  what  is  essentially  an 
olivine-augite  rock,  with  only  an  occasional  small  patch  of  felspar, 
and  with  octahedra  and  grains  of  picotite.  This  rock  is  in  great 
part  transformed  to  serpentine,  colourless,  yellow,  or  light  brown 
in  the  slice,  with  the  usual  copious  separation  of  magnetite  dust 
in  strings  and  patches. 

Finally  we  shall  notice  certain  irregular  sills  or  intrusive  sheets 
rich  in  olivine  occurring  in  the  south-eastern  part  of  Skye.  Mr 
Clough  has  observed  such  rocks  near  Drochaid  Lusa,  3^  miles 
E.N.E.  of  Broadford,  and  near  Kinloch,  Allt  Thuill,  and  Ben 
Aslak,  all  in  the  central  part  of  the  Sleat  district.  We  may 
conveniently  refer  to  these  sheets  as  the  Ben  Aslak  type.  They  are 
found  in  Torridonian  strata  far  to  the  east  of  the  true  peridotites ; 
but  they  have  some  of  the  features  of  ultrabasic  rocks,  and  may 
perhaps  be  regarded  as  occupying  an  intermediate  place  between 
the  basalts  and  the  hypabyssal  picrites.  The  data  are  insufficient 
to  fix  the  epoch  of  intrusion  of  these  sheets. 

The  rock  of  the  Ben  Aslak  type  of  intrusion  has  rather  peculiar 
characters.  In  hand-specimens  it  is  seen  to  be  crowded  with 
crystal-grains  of  yellowish-green  olivine,  about  \  inch  long,  set  in 
a  dark  ground-mass  of  finely  crystalline  or  microcnrstalline  texture. 
A  fresh  specimen  from  about  a  mile  E.  by  N.  of  Kinloch  gave  the 
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specific  gravity  3'00.  Thin  slices  show  the  rocks  to  consist  of 
olivine  to  the  extent  of  from  one  third  to  fully  one  half  [8852- 
8851],  the  ciystala  sometimes  showing  good  faces  with  the  usual 
habit,  but  more  frequently  having  a  rounded  shape.  In  a  finer- 
textured  variety  of  the  rock  there  are  in  addition  little  granules  of 
olivine  about  -.^lyj  to  yj-^  inch  in  diameter,  apparently  of  a  later 
generation ;  but  this  point  is  not  quite  clear,  and  in  one  case  at 
least  a  hand-specimen  shows  the  conspicuous  olivines  becoming 
smaller  towards  the  edge  of  the  sheet.  In  decayed  specimens 
from  near  Drochaid  Lusa  the  olivine  is  replaced  by  pseudomorplia 
of  carbonates  [5077,  5078]. 

A  prominent  constituent  in  all  the  specimens  is  picotite,  which 
is  constantly  the  earliest  product  of  crystallisation,  and  forms 
well  shaped  octahedra,  occasionally  as  much  as  -^  inch  in 
diameter,  though  usually  smaller.  As  a  rule  it  is  quite  transparent 
in  the  slices,  with  tlie  usual  deep  bro\\Ti  colour,  but  its  appearance 
varies  to  a  scarcely  perceptible  translucency  in  some  cases. 
Apatite  is  not  found.  The  felspar  is  in  idiomorphic  crystals, 
tabular  ])ai'allel  to  the  brachypinacoid,  so  as  to  give  elongated 
rectangular  sections.  They  range  up  to  about  J^  inch  in  length, 
but  in  the  finer-t(»xtured  variety  of  the  rock  are  smaller  and  of 
more  slender  shape.  They  show  at  any  given  point  an  approxim- 
ate parallelism,  consequent  upon  their  tendency  to  lie  tangenti- 
ally  to  the  olivine-grains  or  to  be  squeezed  in  between  two  grains 
of  that  mineral.  The  sections  show  twin-striation  and  some 
degree  of  zonary  banding,  but  the  felspar  is  evidently  in  the  main 
anorthite,  the  extinction-angles  in  symmetrically  cut  sections 
ranging  up  to  about  55^.  Tlie  augite,  which  has  been  the  latest 
mineral  to  crystallise*,  is  very  pale  in  thin  slices,  but  ahvays  bro%\Ti 
I'atlior  than  green.  In  the  less  fine-textured  rocks  it  enwraps 
and  encloses  \\\c  felspars  in  typical  opliitic  fashion,  but  in  other 
slirlcs  it  slu)ws  a  more  peculiar  habit.  Ilere  it  is  still  ophitic,  in 
the  sense  tli.'it  it  forms  patches  moulded  u])on  and  enveloping  the 
lels])ars;  but  each  such  })atcli  consists  of  a  number  of  elongated 
rods  or  plates,  in  contact  with  one  another,  with  a  sub-parallel  or 
slightly  divergcmt   arrauLTement. 

A  rock  ])(^trogra])liically  referable  to  this  group  has  been 
analysed  by  Mr  leaker,  and  we  ai'e  permitted  to  give  the  results 
here  (column  II.  above).  In  a  thin  slice  it  shows  very  numerous 
little  octahedral  crystals,  some  of  which  have  the  translucency  and 
strong  brown  colour  of  ])icotite.  Olivine  is  very  abundant,  and 
tlie  other  constituents  are  anorthite  and  o])liitic  pale  brown  augite. 
We  have  no  information  as  regards  tht;  modt^  of  occurrence  and 
geological  Halations  of  this  rock,  which  v/as  collected  by  Professor 
jjebour.  It  will  be  noticed  that  in  chemical  com])osition  it 
compares  rather  closely  with  the  specimen  analysed  fi*om  Carn 
i)earg. 

It  seems  probablt^  from  Mr  Clouglrs  observations  that  sheets 
of  the  Ben  Aslak  type  are  not  confined  to  the  few  localities  from 
which  s])ecimens  have  been  collected  ;  and,  further,  that  there  are 
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dykes  of  similar  rock,  very  rich  in  olivine.  One  of  these  latter, 
with  specific  gravity  3*07,  was  noted  near  Isle  Omsay,  about 
J-  mile  W.S.W.  of  the  pier.  In  this  connection  too  may  be 
mentioned  a  dyke  of  picrite,  or  of  rock  between  picrite  and 
olivine-dolerite,  seen  about  a  mile  to  the  south-east  of  Drochaid 
Lusa.  It  is  very  near  to  one  of  the  sills  just  described,  but  Mr 
Clough  found  no  direct  evidence  of  their  connection.  The  rock 
consists  of  opaque  oct^hedra  (?  magnetite),  abundant  grains  of 
olivine  up  to  |  inch  in  length,  pale  yellowish  brown  augite  in 
irregular  grains,  and  felspar  giving  the  extinction-angles  of 
labradorite.  The  last  is  partly  in  roughly  rectangular  crystals 
with  albite-lamellation,  partly  in  more  shapeless  grains  with  less 
frequent  twin-lamellao  but  strong  zonary  banding  —  a  feature 
common  in  many  of  the  doleritic  rocks  [5076]. 

The  collections  of  the  Geological  Survey  from  the  Inner 
Hebrides  contain  a  few  other  rocks  lying  on  the  border-line 
between  the  basic  and  the  ultrabasic.  There  may  perhaps  be  a 
distinct  group  of  sills  in  the  Jurassic  intermediate  in  character 
between  olivine-dolerite  and  picrite  and  graduating  into  both ;  but 
our  information  is  not  sufficient  to  lay  down  the  relations  of 
such  occurrences  to  the  great  group  of  basic  sills  and  to  other 
groups  of  intrusions;  and,  so  far  as  our  knowledge  goes,  such 
rocks  seem  to  belong  less  to  Skye  than  to  some  of  the  neigh- 
bouring islands.  It  is  perhaps  more  likely  that  in  the  thicker 
members  of  the  great  group  of  sills  itself  there  may  sometimes 
have  been  difierentiation  of  the  magma  after  intrusion,  which  in 
extreme  cases  was  carried  so  far  as  to  produce  rocks  almost  or 
quite  of  ultrabasic  composition.  Professor  Judd*  found  that  the 
great  sill,  500  feet  thick,  in  the  Shiant  Isles,  12  miles  N. 
of  Skye,  is  in  part  of  ordinary  basic  rock  but  in  part  of  picrite 
and  even  peridotite ;  and  Sir  A.  Geikiet  has  suggested  that  this 
is  to  be  explained  by  difierentiation  under  the  action  of  gravity. 
A  sill-rock  from  north  of  Meall  Daimh  in  the  Isle  of  Eaasay,  of 
specific  gravity  2*92,  is  very  rich  in  olivine,  and  in  composition 
verges  upon  picrite.  Like  similar  rocks  from  the  Shiant  Isles,  it 
is  characterised  by  a  purplish  brown  augite  with  distinct 
pleochroism  and  an  imperfect  "  hour-glass  "  structure  [67741.  An 
augite  with  these  characters  is  well  known  in  some  nepheline- 
dolerites  and  teschenites,  and  some  of  the  sills  outside  Skye  seem 
to  have  affinities  with  these  rocks.  Nepheline  has  been  recorded 
by  Heddlet  in  the  great  sill  of  the  Shiant  Isles,  and  at  least  one 
sill  of  an  analcime-diabase  approaching  teschenite  occurs  in  the 
south  of  Arran.§ 

♦  Quart,  Jounu  Oeol.  SoCy  vol.  xlL,  pp.  393,  394  ;  1885. 

+  Ancient  Volcanoes  of  Great  Britain,  vol.  ii.,  pp.  307-310 ;  1897. 

J  Mineralogy  of  Scotland,  vol.  ii.,  p.  46 ;  1901. 

i?  Coi-storphino,  Tsch.  Min.  Petr,  Mitth,  (N.S.),  vol.  xiv.,  p.  464 ;  1896. 
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ni»;  pn*«<'nt.  rliapUT  and  the  succee^ling  one  will  be  devoted  to 
;ui  wrtiwni  of'tlu*  trachytes,  andesites,  and  pitchstones  (with  some 
vucVa  piobahly  devit rifled  and  otherwise  altered  pitchstones)  which 
an*  found  in  tlio  form  of  dykes,  usually  of  no  great  size,  at  nnmerons 
hi<;alitifrt  in  onr  area.  Although  our  detailed  survey  has  not 
emhr?M:ed  the  whole  of  Skye,  it  may  be  taken  as  probable  that 
thene  rrH-ks  belong  f^Hix;cially  to  the  south-eastern  portion  of  the 
inland.  The  prineipal  known  exception  to  this  statement  is  nuide 
by  a  HcpaiTite  group  of  trachyte  dykes  in  the  Drynoch  neighbour- 
IkhhI.  We  aH.sigii  all  the  rocks,  on  such  evidence  as  is  obtainable, 
to  some  of  the  very  latest  stages  of  igneous  activity  in  the  region. 
Their  relation  in  point  of  age  to  the  latest  intrusions  of  the 
('iiilliiirt  cannot  be,  rl««t<*rmined,  but  they  seem  to  be  the  youngest 
roekH  in  their  own  area  at  least.  Another  reason  for  discussing 
trjgether  tliesi?  variouH  rocks,  of  which  the  extreme  types  differ 
widely,  is  that  tliey  seem  to  be  genetically  connected.  More 
ae(!tirat<;ly,  Hoin(;  of  the  andesites  stand  in  close  relation  with  the 
tnu!hyte.s,  and  an^  linked  with  them  by  transitional  varieties,  while 
rither  andewites  are  ap])an»ntly  intimately  related  to  the  pitchstones. 
'IV.'icliytes,  traeliy-/ui(lesites,  andesitcs,  and  pitchstones  will  be 
rN-rrii)rd  in  ()rd<M"  in  tliis  and  the  n«*xt  following  chapters. 

\V<'  iioti<T  lii'.-t  /I  ;4;roii|)  of  irarjiyir  dijh'.ii  found  in  the  district  to 

tlir  N.N.W.  oltiir  Oiiiilin^,  and  esjx'cially  on  the  moorlands  about 

the   ln'ad   of  lioeii    llarport.       They  occur   indeed  from   near   the 

M|)|)cr  part   of  (ilen    I'rittle  to  (Hen   X'idigill  at   least,  the  ground 

r;irther  to  the    N.N.W.   not   liaviniT  been   surveyed.     The  area  of 

<li>t ribiit ion,  so  far  as  it    lias  Ikmmi  ))roved,  is  an  oval  with  a  long 

•Mxis  of  about    ().',    miles,    following  as  u.^ual   the  direction  of  the 

brai'inLT  (»f  the  <lvl<es  th«Mnselves.      Di'vnocli  is  situated  near  the 

ernti'e  <»f  the  oval,  and  we  niav  convenient Iv    refer  to  these  dykes 

;is  the  l)ri/7inr/i  (jnmp  {,<re  Kig.  7<>j. 

Within   this  aiea  trachvtic  dykes  are   fairly  numerous,  thouc^h 

*'  *  ^^ 

.'dways  out  nninh«Tc(l  by  those  of  basic  coni])osition.  They  are 
most ly  of  ino<lcrate  width,  the  largest  being  about  15  feet  across, 
and  they  follow  c(»m*s('s  which,  while  in  the  main  straight  and 
paralh'l,  show  some  deviations  and  ciu'vature  on  a  small  scale. 
TIk'V  usually  form  salient  feat iires.  and  the  lartrer  ones  are  very 
cons|)icuous  objt'cts:  a  good  example  is  the  })rominent  dyke  which 
comes  down   t<»  tln'  hi^h-nad  near  the   bridge   north   of  Drynoch 
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Lodge.  The  moat  striking  featnre  of  these  dykes  in  the  field  is  a 
very  pronounced  fissile  stracture,  brought  oat  especially  by 
weathering,  and  giving  the  rock  the  appearance  of  a  shale.  In  the 
narrower  dykes  this  structure  mns  parallel  with  the  walls,  but  in 
the  wider  ones,  and  especially  in  their  interior,  it  is  often  sinuous 
and  irregular.     It  depends  upon  a  flow-structure  in  the  rocks. 


tnchytic  and  other 

'{a.)  The  brolien  line  encloses  the  oral  area  of  dintribution  of  the 
Diynoch  group  of  trachyteB. 

(b.)  The  line  made  uji  of  doU  and  dasher  nrnrkfl  the  limits  of  dintribu- 
tion  in  Skye  of  the  trachytic  and  allied  dykoa  of  Sleat  and  the  Broadford 
district. 

(c.)  The  Hniall  circles  connected  by  straight  lines  indicate  the'known 
localities  of  acid  pibchstone  dykes. 

(d )  The  small  oval  enclosed  by  the  dotted  line  shows  the  area  affected 
by  the  Coirechatochan  type  of  dykes,  probably  altered  i>it£hslones.  It 
falls  in  the   middle   of  the  narrow  strip    of   country  indudii^    the 

Although,  as  remarked,  these  trachytic  dykes  stand  out  in  relief 
from  the  basaltic  lavas  which  they  intersect,  they  have  almost 
always  suffered  very  considerably  from  atmospheric  weathering, 
and  it  is  difficult  to  procure  specimens  which  can  be  regarded  as 
representing  the  fresh  rock.  The  best  example  found  is  one  of  the 
dykes  in  the  bum  by  the  old  crofts  of  Satran,  near  Drynoch.     The 
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least  altered  portions  of  the  rock  are  in  the  form  of  nodular  masses, 
analogous  to  the  spheroids  in  many  basic  rocks,  but  having  a  flat 
shape  in  accordance  with  the  fissile  structure  already  noticed.  The 
freshest  specimens  have  a  very  dark  grey  colour,  but  average 
examples  are  pale  and  often  show  a  rusty  staining  CrOnnected  with 
the  platy  fracture.  The  rocks  are  of  close  texture  and  dull  aspect, 
and  are  non-porphyritic.  A  fresh  example  gave  the  specific  gravity 
2*72,  but  the  usual  figures  are  lower — 2*66,  2*64,  or  even  2*62 — 
the  density  being  notably  lowered  by  weathering. 

Under  the  microscope  these  trachytes  are  seen  to  consist  essen- 
tially of  closely  packed  little  felspar  crystals,  usually  -^^  inch  or 
less  in  h^iigth,  giving  narrow  sections  with  well  marked  parallel 
arranj^emont  due  to  flow.  They  give  sensibly  straight  extinction. 
Doubtless  both  oi'tlioclase  and  oligoclase  are  represented,  but  it  is 
not  easy  to  judge  the  relative  proportions  of  the  two.  That  the 
potash-felspar  is  abundant,  if  not  actually  predominant,  appears 
from  the  low  density  of  the  rocks,  taking  into  account  the  consider- 
able amount  of  heavier  substances  present,  and  the  name  trachyte 
may  probal)ly  be  used  without  impropriety.  When  freshest,  the 
rocks  are  found  to  contain  minute  granules  of  augite,  though 
always  in  subordinate  quantity  [9812J.  In  other  slides  minute 
clotted  patclies  of  ferruginous  matter,  perhaps  limonite,  may 
represent  destroyed  augite.  Little  octahedra  of  magnetite  are 
always  present  and  in  quantity  more  than  equal  to  the  ferro- 
magnesian  element.  There  are  sometimes  a  few  scattered  small 
flakes  of  biotite,  more  or  less  affected  by  resorption,  as  is  usual  in 
trachytes  [7857].  Although  the  rocks  are  never  conspicuously 
porphyritic,  there  may  be  a  few  small  felspar  crystals  of  an  earlier 
generation,  from  -^^  to  ^^  inch  in  diameter,  consisting  of  oithoclase 
and  less  conimonlv  ob*<if()C'lase.  These  trachytes  differ  from  the 
'' iinigearites "  describecl  in  Chapter  XV.  cliiefly  in  tlie  absence 
of  olivine,  and  Ihei'e  is  posi^ibly  a  relation  between  the  two 
groups. 

We  pass  on  to  describe  an  interesting  group  of  dj'kes  which 
have  been  earefuUy  studied  in  the  field  by  ^Tr  ClouLjh.  In  the 
coui'se  of  map})ing  Ihe  rocks  have  been  provisionally  designated 
trachytes,  and  we  sliall  retain  tliis  name  for  them  as  a  group, 
although  some  of  them  have  affinities  also  with  the  andesitic  family 
as  commonly  understood.  In  Skye  these  dykes  occur  chiefly  in 
the  Sleat  district,  being  found  at  intervals  from  the  line  of  the 
Kvlerhea  hiuli-road  to  witliin  about  a  mile  of  the  Point  of  Sleat, 
thoiiiih  in  much  less  number  than  tlie  basic  dvkes.  Thev  are  more 
abundant  than  usual  in  the  neighbourhood  of  Kinloch :  in  Allt 
Cnl  Airidh  Tiagain,  a  little  below  tlie  road,  three  or  four  are  found 
in  a  leuLjtli  of  70  or  8()  vards,  while  another  occurs  rather  more 
than  two-thirds  of  a  mile  above  the  road.  There  are  also  a  number 
of  dykes  of  this  group  al)out  Ileast  and  Ben  Suardal,  but  they  do 
not  extend  farther  N.W.  tlian  l^roadford.  Mr  Clough,  who  has 
supplied  this  information,  has  found  similar  dykes  on  the  other 
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side  of  the  Sound  of  Sleat  and  far  up  Loch  Hourn ;  and  he  has 
also  recorded  them  in  the  Cowal  district  of  Argyllshire.*  It  thus 
appeal's  {see  sketch-map,  Fig.  76)  that  the  group  as  a  whole  belongs 
less  to  Skye  than  to  the  mainland  of  Scotland,  where  it  has  a 
wide  distribution.  The  late  age  of  all  these  dykes  seems  to  be 
established  by  the  fact  that,  while  they  have  been  observed  in  a 
number  of  cases  to  intersect  basic  dykes,  the  converse  relation  has 
been  noticed  in  only  a  single  instance.  For  convenience  of  refer- 
ence we  shall  speak  of  these  rocks  as  the  Broadford  and  Sleat 
group 

The  dykes  are  mostly  of  small  or  moderate  width,  and  have  the 
same  N.W.  or  N.N.W.  bearing  as  the  basic  dykes  of  the  district, 
l^hey  are  usually  quite  fine-textured  or  compact  rocks,  with  or  with- 
out scattered  glassy -looking  felspars  about  |  inch  long,  and  showing 
no  other  mineral  to  the  eye  except  an  occasional  small  scale  of 
brown  mica.  The  ground-mass  has  a  grey  colour,  which  may 
become  brown  by  weathering.  Little  calcite  amygdules  are  very 
often  seen.  The  most  interesting  feature  of  the  dykes  as  seen  in 
the  field  is  the  spherulitic  or  quasi- spherulitic  structure  which 
they  very  generally  exhibit  in  their  marginal  portions.  On  this 
subject  Mr  Clough  has  supplied  the  following  notes.  It  should  be 
premised  that  what  appears  to  the  eye  a  pronounced  spherulitic 
stnicture,  and  is  so  termed  here,  is  usually  resolved  under  the 
microscope  into  a  rather  imperfect  or  rudimentary  type  of  radiate 
growth. 

"The  marginal  portions  of  the  granophyre,  felsite,  acid  pitchstone, 
and  trachyte  dykes  often  contain  conspicuous  spherulitic  struc- 
tures, and  so  also  do  the  corresponding  parts  of  a  few  of  the 
basaltic  dykes.  The  spherulitic  portions  of  these  dykes  display 
many  characters  in  common,  and  these  may  be  described  together. 

"  Spherulitic  bodies  are  as  a  rule  confined  to  the  portions  of  the 
dykes  which  are  within  eight  or  nine  inches  of  the  sides.  They 
are  sometimes  isolated  and  approximately  spherical  in  shape,  but 
more  usually  they  form  rudely  spherical  or  polygonal  bodies  which 
are  in  such  close  conjunction,  or  union,  at  their  ends  that  they 
form  structures  resembling  rods  or  strings  of  heads.  The  average 
diameters  of  the  isolated  spherulites  and  the  greatest  breadths  of 
the  spherulitic  rods  are  found  to  be  much  the  same  in  any  dyke  so 
long  ao  we  confine  our  attention  to  one  thin  layer  of  rock  which  is 
parallel  to  the  sides,  but  in  layers  at  difierent  distances  the  dimen- 
sions vary  greatly.  Six  or  eight  inches  off  the  side  the  coalesced 
spherulites  are  often  the  size  of  a  pea,  but  in  layers  nearer  the 
sides  they  are  less,  and  within  an  inch  or  two  of  the  side  they  are 
perhaps  less  than  mustard  seeds,  and  the  rod-like  bodies  appear 
almost  like  threads.  On  surfaces  parallel  to  the  dyke-side  the  rods 
are  generally  in  close  juxtaposition,  so  that  the  whole  surface  is 
covered  with  them.  On  such  surfaces  they  are  generally  straight 
and  parallel,  but  on  larger  surfaces  slight  alterations,  and  sometimes 

*See  Geikie,  Ancient  Volcanoes  of  Great  Britainj  vol,  ii.,  p.  139  ;  1897  : 
Clough  in  Geology  of  CotmZ,  (Mem.  Geol,  8ur.  Scot.)  pp.  166-171 ;  1897. 
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sharp  twists  of  direction,  are  observed,  all  the  rods  appearing  to 
bend  at  the  same  axial  planes  of  folding. 

"  The  rods  on  one  surface  parallel  to  the  dyke-side  are  not 
necessarily  parallel  to  the  rods  on  the  adjoining  surfaces  nearer  to 
or  further  oflf  the  side.  They  are,  it  is  supposed,  generally 
parallel,  but  several  instances  have  been  noticed  in  which  the 
directions  of  the  rods  on  one  surface  differ  from  those  on  a  closely 
adjoining  surface  by  as  much  as  30^  or  40°.  This  is  well  seen  in 
a  trachyte  dyke  that  crosses  Allt  E6idh  Ghlais  nearly  400  yards 
below  the  road. 

**  In  the  spherulitic  portions  of  many  of  the  dykes  amygdules  of 
a  greatly  elongated  form  occur.  They  are  sometimes  an  inch  or 
two  long,  though'  their  diameters  are  not  more  than  :|^  inch.  It 
has  been  noticed  in  a  good  many  places  that  the  long  axes  of  the 
amygdules  are  parallel  to  the  spherulitic  rods  in  the  same  portions 
of  the  dyke,  and  in  no  case  have  they  been  seen  to  be  different.  It 
seems  probable  therefore  that  the  rods  are  parallel  to  a  direction 
of  flow  of  the  molten  magma  in  which  they  were  formed.  To  that 
supposition  objection  may  perhaps  be  made  on  the  ground  that,  as 
already  stated,  the  directions  of  the  rods  on  closely  adjoining 
surfaces  are  not  always  the  same.  It  seems  quite  possible,  how- 
ever, that  the  flow  movements  were  of  a  much  more  complicated 
order  than  would  at  first  seem  probable,  and  that  the  direction  of 
flow  in  one  part,  at  a  certain  distance  from  the  side,  may  have  been 
different  from  the  direction  a  little  further  from  the  side.  Let  us 
suppose,  for  instance,  that  in  a  certain  layer  near  and  parallel  to 
the  dyke-side  the  direction  of  flow  immediately  preceding  the 
period  of  consolidation  of  that  layer  was  in  a  certain  direction:  that 
layer  is  consolidated  and  the  direction  of  the  latest  flow  is  fixed 
and  still  discernible:  after  this  consolidation  a  short  period  of  time 
may  elapse  before  another  layer  parallel  to  but  a  little  further  off  the 
side  consolidates,  and  in  this  period  the  direction  of  flow  has  possibly 
altered  so  as  to  be  no  longer*  parallel  to  the  former  direction. 

**  Whether,  however,  the  spherulitic  rods  are  indications  of 
directions  of  flow  or  not  it  seems  desirable  to  observe  their  direc- 
tions in  various  localities.  They  are  not  often  vertical.  They  are 
apparently  more  often  horizontal  than  vertical.  Most  commonly 
they  are  diagonal,  and  perhaps  on  the  average  about  half  way 
between  horizontal  and  vertical.  When  diagonal,  and  the  dykes 
are  striking  in  their  usual  N.W.  or  N.N.W.  direction,  the  lower 
ends  of  the  rods  are  in  some  localities  the  N.W.  ends,  and  in 
others  the  8.E.  We  cannot  say  that  the  former  case  is  more 
frequent  than  the  latter. 

"It  seems  possible  that  the  materials  of  some  dykes  have 
travelled  for  great  distances  in  a  direc^tion  not  very  far  from  hori- 
zontal from  some  source  of  comparatively  limited  extent  near  one 
end  of  the  dyke  outcrop.  On  this  supposition  we  can  understand 
how  dykes  may  retain  uniform  characters  for  long  distances,  and  it 
seems  unnecessary  to  postulate  a  deejvseated  source  lying  almost 
vertically  below  the  whole  extent  of  their  outcrop. 
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"  Perhaps  the  simplest  way  to  show  the  directions  of  the  rods  is 
to  draw  a  rectangle  to  represent  the  exposure  of  the.  dyke  in  which 
the  rods  are  observed.  The  two  long  sides  of  the  figure  represent 
horizontal  lines  and  the  side  on  the  observer's  left  hand  represents 
the  N.W.  side  of  the  exposure.  Lines  are  then  drawn  to  represent 
the  rods  {see  Fig.  77).  In  the  list  accompanying  the  figure  the 
localities  and  lithological  varieties  of  the  dykes  to  which  the 
diagrams  in  the  figure  refer  are  stated,  and  the  cases  in  which  the 
amygdules  are  known  to  be  elongated  parallel  to  the  rods  are 
indicated.  The  diagrams  marked  by  *a'  refer  to  the  dyke  situated 
furthest  N.E.;  the  diagram  marked  by  *fe'  refers  to  the  dyke 
coming  next  to  this  on  the  S.W.  side,  and  so  on.  In  case  of 
exposures  which  belong  perhaps  to  one  dyke  at  different  parts  of 
its  course  the  diagram  referring  to  the  exposure  furthest  N.W.  is 
given  first,  and  it  is  joined  by  a  bracket  to  the  diagrams  referring 
to  the  other  exposures.* 

"  Some  dykes  which  show  no  spherulites  yet  contain  con- 
spicuously elongated  amygdules.  In  the  marginal  portions  the 
directions  of  elongation  always  lie  in  planes  which  are  approxim- 
ately parallel  to  the  adjacent  side,  but  in  difierent  localities  they 
are  inclined  at  difierent  angles  to  the  horizon,  just  as  the  amygdules 
in  the  spherulitic  dykes  are. 

"In  the  trachyte  dyke  in  Allt  R^idh  Ghlais  the  spherulitic  rods 
ttve  not  all  so  close  together  as  usual.  Sometimes  two  adjacent 
rods  gradually  diverge,  but  after  nmning  a  certain  distance  and 
bending  about  a  little  they  come  together  again.  In  the  spaces 
between  two  rods  we  cannot  always  be  sure  that  there  are  any 
spherulitic  forms,  but  in  other  places  there  are  obscure  forms,  and 
some  of  these  are  arranged  in  lines  which  are  almost  at  right  angles 
to  the  enclosing  rods. 

"In  some  of  the  dykes  with  elongated  amygdules  and  spherulitic 
rods  there  are  also  phenocrysts  of  felspar,  but  these  phenocrystB 
sometimes  have  their  long  axes  at  a  considerable  angle  to  the  rods 
and  amygdules.  This  is  well  seen  in  the  pitchstone  dyke  of  Allt 
Duisdale,  in  which  there  are  a  number  of  phenocrysts  of  sanidine, 
and  in  the  trachyte  dyke  in  Allt  Ctil  Airidh  Lagain  nearly  three- 
quarters  of  a  mile  above  the  road.  In  the  latter  dyke  the 
amygdules  have  a  decided  tendency  to  bend  round  the  sides  of 
the  phenocrysts. 

"As  already  stated,  the  amygdules  in  the  interiors  of  most  of  the 
dykes  are  generally  larger  than  those  at  the  sides.  In  most  of  the 
trachyte  dykes  those  in  the  interior  are  also  much  less  elongate 
than  those  at  the  sides.  In  the  basaltic  dyke«  elongate  amygdules 
are  rare  in  all  parts.  Perhaps  in  these  dykes  it  was  unusual  for 
there  to  be  any  further  flow  movement  in  the  molten  magma  after 
the  amygdules  were  formed. 

"In  the  interiors  of  some  of  the  trachyte  dykes  the  forms  of  the 
amygdules  indicate  directions  of  flow  which   make   considerable 

*  The  diagrams  given  in  the  figure  are  only  a  part  of  those  drawn  in 
the  field. 
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angles  with  the  sides.  In  »  thin  vertical  dyke,  four  or  five  feet 
thick,  in  Ob  Lnsa,  in  a  steep  exposure  crossing  the  dyka  almost  at 
right  angk'e,  the  amygdules  near  tlie  centre  give  nearly  circular 
sections,     A  little  way  on  either  side  of  the  centre  they  give  oval 


Fia.  77.— ^Dugntn  to  ihow  tlie  tkituik  inolination  of  tlie  "  rodding  "  ni  tite 
dvkeB  of  tlia  Broadford  uid  SLMt  districted  Explanation  in  tbo 
text    Dd.  C.  T.  0. 

a.  l^ftchfte.  ABt  H6r,  &boat  two  milea  S.EL  of  Dracbud  Lnw.  In 
ai^radiJM  also. 

b.  Tnchyte.    Bom  about  a  mile  W,  of  tlie  top  of  An  ^oUn,  Sjii1oc4>. 
e.  Tmakjto.    Allt  CU  Aiiidh  Lagain,  nearly  ttiTee-qnarten  of  a  mOa 

above  the  road. 

d.  Traohyte.  AUt  Btidlie  Ohlaia,  neariy  thfee-quartera  of  a  milB 
above  Uie  road.    In  amygdnlei  alao. 

e.  Trachyte.    Bather  more  than  half  a  mile  &E.  of  Bmiadrotd  Kktoe. 
/.  Tradiyte.    AUt  (M  Airidb  Lagain.    Nearly  a  third  of  a  mile  hdmr 

the  road.     la  amygdules  also. 

g.  Trachyte.  Allt  k  Choin,  about  200  yards  slightly  E.  of  N.  of 
Kinloch.     In  amyBdulea  also, 

■  h.  Trachyte.  Near  the  foot  of  Allt  Lochan  Sgeir,  near  Kinloch.  In 
amygdules  also. 

i.  Felaite.     Bum  E.  of  Cnoc  na  Cubhaige,  Broadford. 

j.  Felaite.  Bum  about  half  a  mile  lightly  E.  of  S.  of  Cnoc  na 
Cubhaige. 

k.  Trachyte.     About  two-thirds  of  a  mile  E.N.E.  of  Ben  Suardal. 

I.  Trachyte.  Coast,  about  200  yards  E.N.E.  of  Ardnameacan,  Loch 
oa  Dal.     In  amygdules  also. 

m.  Acid  Pitcbstone.  Allt  Duisdale,  nearly  1600  yards  above  the 
road.    In  amygdules  also. 

n.  Dyke  of  doubtful  character,  with  oligoclaee,  hornblende,  and  biotite 
[6655].  Rather  more  than  half  a  mile  S.  of  Cnoc  a'  Chiise  Mor,  Knock. 
In  amygdules  also. 

0.  Basaltic  :  S.G.  2.87.     Rudha  Dubh  Ard,  near  Ord. 

p.  Basaltic.     Coast  about  330  yards  N.E.  of  Inver  Aulavaig. 

q.  Trachyte.  Coast,  nearly  half  a  mile  S.8.E.  of  Oat'tig  House. 
In  amygdules  also. 

r.  Trachyte.  Nearly  a  mile  E.S.E.  of  Meall  Buidhe  (S.W.  of  Arma- 
dale).    In  amygdules  also. 

soctiona,  and  these  become  more  elongated  the  further  from  the 
centre  they  are.  The  long  axes  of  the  sections  incline  downwards 
from  the  centre  towards  the  side  and  become  steeper  the  nearer 
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they  are  to  the  side.  Close  to  the  side  they  are  parallel  to  it  and 
approximately  vertical. 

"  In  a  dyke  in  AUt  Ctll  Airidh  Lagain,  also,  rather  less  than  a 
third  of  a  mile  below  the  road,  vertical  exposures  across  the  central 
part  of  the  dyke  show  that  the  long  axes  of  the  sections  of  the 
amygdules  incline  downward  from  the  centre  towards  either  side, 
and  become  steeper  as  the  sides  are  approached. 

**  In  dykes  in  Allt  a'  Choin,  about  a  quarter  of  a  mile  N.N.E.  and 
300  yards  slightly  E.  of  N.  of  Kinloch,  the  long  axes  of  the  sections 
of  the  amygdules  in  the  interior  parts  have  a  tendency  to  dip  N.E. 
In  the  dyke  in  Allt  R6idh  Ghlais  the  long  axes  seen  in  a  section  at 
right  angles  to  the  strike  of  the  dyke  are  in  one  place  near  the 
centre  nearly  horizontal  :  in  other  places  only  a  few  inches  oflF  the 
S.W.  side  they  dip  S.W."    (C.  T.  Clough.) 

Evidences  of  the  inclined  or  even  horizontal  direction  of  flow  in 
dykes,  as  described  by  Mr  Clough,  have  not  often  been  observed 
in  the  country  farther  west  and  north,  for  the  reason  that  the  types 
of  dykes  most  favourable  for  such  observations  are  there  wanting. 
An  exception  must  be  made,  however,  for  the  Coirechatachan  group 
of  dykes,  which  often  show  the  beaded  lines  or  rods  described  above, 
and  always  with  a  considerable  inclination  to  the  vertical.  It  is  to 
be  noticed  too  that  the  inclination  of  the  rodding  varies  in  some 
instances  rapidly  as  we  pass  along  the  dyke  (Fig.  78).     This  has 


Fig.  78. — Dyke  with  '*rodded"  structure,  near  the  river  and  foot-path,  E. 
of  Coire-chatachan,  near  Broadford.  The  figure  shows  the  southerly 
face  of  the  dyke  as  exposed,  with  the  rodding,  the  inclination  of  which 
to  the  horizon  changes  in  a  length  of  five  yardis  from  8*^  to  52*^. 

already  been  remarked  in  the  well-known  **  Beal  dyke,"  near 
Portree,  where  the  structure  is  exhibited  in  the  tachylytic  selvage 
of  a  basic  dyke  allied  to  the  mugearite  type  (p.  387).  . 

Petrographically  the  trachytes  and  trachy-andesites  of  Sleat  and 
the  Broadford  district,  as  represented  ^by  Mr  Clough's  specimens, 
show  some  range  of  variety.  Most  of  them,  however,  fall  under 
one  fairly  marked  type.  These  are  rocks  of  specific  gravity  2*59 
to  264,  sometimes  with  a  few  scattered  felspar  phenocrysts.  When 
these  occur  they  are  either  sanidine  or  more  commonly  a  plagioclase 
felspar :  in  one  case  a  crystal  with  albite-lamellation  gave 
extinction-angles  24^  and  28^  from  the  twin-line,  indicating  some 
variety  more  basic  than  andesine.  The  general  mass  of  the  rock 
always  consists  essentially  of  a  plexus  of  little  felspar  crystals  with 
other  minerals  in  smaller  quantity.  The  characteristic  ferro- 
magnesian  silicate  is  brown  biotit/C,  which  in  the  form  of  very 
numerous  minute  flakes  is  constantly  found  in  all  the  fresher  rocks. 
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In  some  other  cases  greenish  and  yellowish  ferruginous 
pseudomorphs  with  finely  granular  magnetite  may  represent 
biotite ;  though  more  probably  vanished  hornblende,  since  these  and 
fresh  biotite  sometimes  occur  together  and  are  of  somewhat 
difierent  habits.  Minute  octahedra  and  skeletons  of  magnetite  are 
constantly  found  and  often  very  numerous  ;  while  another  constant 
constituent  is  apatite,  which  is  relatively  abundant  in  very  fine 
needles.  Exceptionally  there  is  a  small  amount  of  interstitial 
quartz. 

The  felspars  which  make  up  the  bulk  of  the  rock  are  partly 
orthoclase,  partly  oligoclase.  This  can  be  directly  verified  in  the 
less  fine-textured  rocks,  and  in  the  others  may  be  inferred  from  the 
low  density  of  the  rocks — assuming,  what  seems  to  be  true  with 
few  exceptions,  that  there  is  no  glassy  residue.  The  crystals  vary 
in  length,  in  different  examples,  from  about  -^  to  -^hi  ^^^^^  or  less. 
When  of  relatively  large  size,  they  have  an  elongated  rectangular 
shape,  the  monoclinic  felspar  in  simple  crystals  or  carlsbad  twins, 
and  the  triclinic  showing  both  carlsbad  and  albite  twinning. 
When  the  crystals  are  smaller,  they  are  of  very  slender  shape,  and 
the  distinctive  characters  are  lost.  There  is  constantly  a  tendency 
to  grouping  in  sub-parallel  bundles  and  in  fan-like  and  sheaf-like 
forms,  and  this  is  more  pronounced  in  proportion  as  the  texture  of 
the  rock  is  finer  (Plate  XXVII.,  Pig.  1).  These  imperfectly 
radiating  structures  compare  rather  with  the  "  variolitic  "structures 
of  some  andesitic  and  basaltic  rocks  than  with  the  true  spherulites 
of  acid  rocks.  They  closely  resemble,  for  instance,  what  is  seen  in 
certain  narrow  dykes  and  veins  of  variolitic  andesite  on  Carrock 
Fell,  Cumberland.* 

These  remarks  apply  more  particularly  to  the  interior  portion  of 
a  dyke :  at  the  edge  tlie  micro-structure  may  present  some 
modification,  with  a  closer  approximation  to  a  true  spherulitic 
structure. 

Some  dykes  belonging  to  tliis  gronj:),  more  especially  in  the 
Broadford  neiglibourhood,  differ  from  the  preceding  in  being  more 
decidedly  of  orthoclastic  composition,  and  these  have  an  ordinary 
trachytic  structure  with  little  or  no  tendency  to  radiate  growths. 
A  good  example  is  a  dyke  from  rather  more  than  h  mile  N.N.E.  of 
the  summit  or  Ben  Suardal  [95G9].  It  is  a  fine-grained  cream- 
coloured  rock  studded  with  little  brown  dots,  and  shows  a  certain 
parallel  structure  parallel  to  the  walls  of  the  dyke,  an  arrangement 
shared  by  the  few  small  porpliyritic  felspars.  The  specific  gravity 
of  the  somewhat  weathered  rock  is  only  2'50.  A  thin  slice  is  seen 
to  consist  essentially  of  a  plexus  of  mi  mite  felspars  of  rod-like 
appearance  in  section,  doubtless  mostly  if  not  wholly  orthoclase. 
The  brown  dots  referred  to  are  little  patches  of  limonite,  mostly 
shapeless  but  in  places  apparently  pseudomorphs  after  biotite. 

On  the  otlier  hand,  we  find,  among  dykes  which  we  are  not  able 
to  separate  as  a  whole  from  the  same  group,  rocks  of  decidedly 
andesitic  character.     This  is  shown  by  oligoclase,  or  some  variety 

*  Harker,  GeoL  Mcuj.^  1894,  i)p.  551-553. 
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near  oligoclase,  becoming  the  dominant  or  the  sole  felspathic 
element,  while  augite  appears  usually  instead  of  biotite,  and 
magnetite  becomes  more  abundant.  With  these  differences  there 
is  of  course  an  increased  density.  Such  rocks  may  or  may  not 
show  spherulitic  structures  and  **  rodding  "  on  the  edge  of  the  dyke. 
A  typical  example  of  these  occurrences,  which  mineralogically 
approach  augite-andesites,  is  a  dyke  from  rather  more  than  ^  mile 
S.  W.  of  the  summit  of  Ben  Suardal.  It  is  a  close-grained  grey 
rock  with  little  scattered  black  specks  of  augite,  and  has  the  specific 
gravity  2*75.  In  a  slice  [6748]  the  augite  is  nearly  colourless, 
building  scattered  imperfect  crystals  which  sometimes  show  an 
hour-glass  structure  between  crossed  nicols.  Magnetite  is  quite 
abundant  in  irregular  crystal-grains  of  early  separation.  The  bulk 
of  the  rock  consists  of  little  imperfect  prisms  of  felspar,  apparently 
oligoclase,  sometimes  grouped  in  bundles.  A  similar  rock,  of  specific 
gravity  2*72,  forms  a  dyke  ^  niile  S.  by  W.  of  Suardal  Farm  [9574], 
and  other  dykes  probably  of  like  nature  are  found  in  the  district. 

Although  glassy  varieties  are  exceptional  among  dykes  referable 
to  this  group,  they  are  not  wholly  wanting.  Here  probably  we 
may  place  a  rock  collected  by  Mr  Clough  in  the  Isle  of  Soay 
[9988].  It  represents  the  vitreous  portion  of  a  spherulitic  dyke  1 
foot  in  width,  and  is  a  dark  rock  of  specific  gravity  2*50,  with 
resinous  lustre.  It  is  apparently  a  pitchstone  corresponding  in 
composition  with  an  andesite  or  a  trachy-andesite.  In  a  thin  slice 
it  shows  a  much  deeper  brown  colour  than  is  seen  in  the  acid 
pitchstones,  though  not  so  deep  as  in  the  tachylytes.  Different  depths 
of  colour  are  related  to  secondary  changes,  as  is  proved  by  their 
distribution  with  reference  to  a  system  of  curved  perlitic  cracks. 
In  the  glassy  matrix  there  arc  certain  paler  spots,  -^-^  to  ^is  ^^^^ 
in  diameter,  of  the  nature  of  spherulites.  These  depolarise  feebly, 
and  show  a  rough  radiate  disposition,  but  without  distinct  fibrous 
structure. 

The  last-mentioned  occurrence  is  quite  outside  the  area  of  distrib- 
ution which  we  have  laid  down  above  for  the  trachy-andesite 
dykes  of  Skye,  and  it  is  possible  that  we  have  to  do  here  with  a 
distinct  group  or  sub-group.  We  have  already  seen  some  indication 
of  this  in  the  minor  ultrabasic  intrusions,  with  the  further  point  of 
resemblance  that  the  Soay  occurrences  assume  the  sill  instead  of 
the  dyke  form.  Another  of  Mr  dough's  specimens  from  Soay, 
taken  from  a  two-inch  sheet  exposed  on  the  south  coast  of  the 
island,  is  a  trachyte,  but  of  a  type  somewhat  different  from  those 
of  Broadford,  etc.  It  is  a  dull  grey,  compact-looking  rock,  enclos- 
ing grouped  phenocrysts  of  orthoclase  and  some  oligoclase,  with  a 
few  pseudomorphs  perhaps  representing  augite.  The  ground-mass 
is  composed  essentially  of  little  felspar  microlites,  with  sensibly 
straight  extinction,  showing  no  tendency  to  radiate  arrangement. 

It  is  unfortunate  that  we  have  no  chemical  analyses  of  any  of 
the  above  rocks,  which  might  throw  light  upon  their  nature  and 
afl^ties.  We  quote,  however,  the  analysis  (A)  of  one  of  the 
trachyte  dykes  of  the  Cowal  district,  which  may  be  taken  as  very 
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Btmilar  to  some  of  the  Broadford  and  Sleat  group  ;  also  that  of  the 
well-known  vitrraus  rock  of  the  Sgiirr  of  Eigg  (B),  which  will  be 
reieired  to  later. 
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A.  TriMihyte,  dyke,  Diinans,  uear  head    of  Glend.anio),  Argyllshire 

[34521:  anat.  J.  H,  Player,  Geikie's  Atteimt  Volennoes  of  Great 
Brilain,  vol.  ii.,  p.  130;  1897:  aJso  Geologij  of  Cowal  (J/em. 
6W.  Sur.  Scot.),  p.  170;  1897. 

B.  Subacid  PitchEtone,  Bg^vr  of  Eigg :   &iial.  Barker  Noi'th,  Quart. 

Joum.  Gtd.  Soc.,  vol.  xlvi.,  p.  379:  1890.  [Specific  gravity 
taken  from  another  i^pecimen-J 

Among  the  most  interesting  of  the  more  aberrant  typee  found 
within  the  area  of  diatribution  of  the  Sleat  tTachytea,  and  pr^ 
sumably  to  be  attached  to  that  group,  are  certain  to^  which  aeem 
to  have  close  affinities  with  the  ceratophyres  of  certain  authors. 
One  Boch  rock  is  noted  by  Mr  Clough  as  forming  perhaps  the 
broadest  and  most  conspicuous  dyke  of  this  group.  It  cornea  to  the 
cooat  nearly  a  mile  N.N.E.  of  Tarskavaig  Point.  "  It  Is  perhaps 
ten  yards  wide,  and  in  a  S.E.  direction  makes  an  almost  continuoua 
ridge  for  about  a  mile :  soon  after  this  it  ceases  to  be  traceable  in 
its  old  line,  but  about  forty  yards  N.E.  of  the  apparent  end  another 
dyke  of  similar  character  appears  and  is  traceable  for  more  than  a 
mile  in  a  S.S.E.  direction,  crossing  Gillean  Bum  in  three  different 
places.  The  two  dykes  in  the  burn  between  half  a  mile  and  two- 
thirds  of  a  mile  slightly  W.  of  N.  of  the  top  of  Cnoc  an  Sgiimain, 
near  Armadale,  are  perhaps  continuations  of  this." — (C.  T,  C.) 

A  specimen  taken  to  the  west  of  Loch  Gauscavaig  is  a  fresh  rock 
of  specific  gravity  2'61,  with  little  glassy-looking  porphyritic 
felspars  up  to  ^  inch  in  length.  In  a  thin  slice  [7370]  these  felspars 
seem  at  first  sight  to  be  simple  crystals  and  carlsbad  twins ;  hut 
there  are  little  patches  in  them  which  show  a  close  twin-lamella- 
tion  with  very  low  extinction-angles,  and  elsewhere  there  are  vague 
indications  of  a  like  intergrowth  on  a  more  minute  scale.  It  seems 
probable  therefore  that  we  have  to  deal  here  with  crystals  of  micro- 
perthite  and  cryptoperthit«  (anorthoclase  of  some  authors).  These 
felspars  occur  only  rather  sparingly,  and  more  rarely  there  is  a 
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phenocryst  of  light  brown  augite  -^  inch  long.  The  general  mass 
of  the  rock  (Plate  XXVI.,  Fig.  2)  is  of  medium  texture  or,  in  com- 
parison with  the  trachytes,  coarse.  It  consists  mainly  of  rectang- 
ular felspars,  up  to  about  -^  inch  in  length  and  of  rather  stout 
build.  Most  of  them  are  not  to  be  distinguished  from  sanidine,  in 
simple  crystals  or  carlsbad  twins  ;  but  in  places  there  are  obscure 
indications  of  a  very  minute  twin-lamellation,  and  it  is  probable 
that  these  felspars  are  of  the  same  nature  as  the  phenocrysts. 
There  are  rather  abundant  imperfect  crystals  and  grains  of  augite, 
up  to  3^  inch,  and  a  little  magnetite,  which  is  moulded  on  the 
felspar  crystals. 

The  dykes,  mentioned  above,  to  the  north  of  Cnoc  an  Sgiimain, 
in  a  branch  of  the  Glen  Meadhonach  river,  are  also  of  peculiar 
nature.  The  more  north-westerly  of  the  two  is  in  its  interior  a 
rather  finely  crystalline  rock  of  specific  gravity  2*60,  having  some- 
thing of  the  dark  look  of  a  dolerite.  It  encloses  little  glassy- 
looking  felspars  of  stout  build,  to  over  ^  inch  in  diameter.  In  a 
thin  slice  [6851]  these  are  seen  to  be  a  good  deal  fissured,  and  to 
contain  inclusions  of  the  ground-mass.  They  show  in  places  the 
fibrous  look,  the  rather  patchy  extinction,  and  the  vague  appear- 
ance of  very  fine  lamellation  which  suggest  cryptoperthite.  Some 
smaller  crystals  of  augite  and  a  few  magnetite  grains  also  belong  to 
the  earlier  stage  of  crystallisation,  and  there  is  the  abundance  of 
minute  needles  of  apatite  which  we  have  noted  as  one  of  the 
characteristics  of  the  Sleat  trachytes.  The  ground-mass  is  mainly 
an  aggregate  of  roughly  rectangular  but  interlacing  crystals  of 
felspar ;  but  has  a  peculiar  appearance  owing  to  very  abundant 
little  rods  and  needles  of  augite,  partly  decomposed,  the  smaller 
ones  arranged  in  parallel  groups  or  in  sheaf-like  bundles  (Plate 
XXVI.,  Fig.  3).  Many  of  the  felspars  of  the  ground-mass  show 
fine  twin-lamellation,  but  often  this  is  visible  only  in  portions  of 
the  crystals. 

This  dyke  takes  on  a  much  finer  texture  at  its  margin.  A 
specimen  taken  an  inch  or  two  from  the  edge  gave  the  specific 
gravity  2*57.  In  a  thin  slice  [6850]  the  ground-mass  is  much 
obscured  by  alteration,  but  it  seems  probable  that  a  glassy  base  is 
or  has  been  present,  and  crowded  delicate  fibres  of  felspar  are 
discernible  in  places.  The  specimen  is  a  dull  grey  compact  rock 
with  the  usual  scattered  fresh  felspars.  The  other  dyke  at  the 
same  locality  has  a  selvage  of  black,  more  or  less  vitreous,  rock 
2  inches  thick.  It  has  a  pitchy  lustre,  encloses  yellowish  felspar 
phenocrysts  up  to  ^  inch  in  length,  and  gave  a  specific  gravity  2*55 
to  2*57.  In  a  thin  slice  [6849]  the  felspars  show  no  conspicuous 
twin-lamellation,  but  have,  as  before,  in  places  a  faintly  defined 
striated  appearance  suggestive  of  a  microperthitic  intergrowth. 
Both  these  and  an  occasional  augite  crystal  enclose  patches  of  the 
ground-mass.  There  are  in  addition  numerous  microlites  of  felspar 
and  augite  and  a  few  granules  of  magnetite.  The  ground-mass 
consists  of  a  bro\vn  glass  crowded  with  densely  packed  bundles  of 
slender  felspar  fibres.     Towards  the  margin  these  bundles  take  on 
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a  general  parallelism  aud  become  more  aeparated  from  the  glass, 
which  appMrs  in  yeSlowiBh  strings  or  streaks.  This  rock  resembles 
in  many  respects  those  of  the  Sgdrr  of  Eigg  and  Hysgeir,  though 
it  is  perhaps  somewliat  more  basic  in  composition.  There  is  con- 
siderable similarity  between  the  porphyritie  felspars  of  the  several 
rocks."  An  analysis  of  the  Sgiirr  of  Eigg  rock  is  quoted 
above  (B). 

One  dyke  bearing  a  certain  resemblance  to  the  above  has  been 
met  with  far  outside  the  area  of  distribution  of  the  trachytes. 
It  occurs  on  the  slope  between  Druim  an  Eidhne  and  Loch  na 
Oreitheach,  about  350  yards  W.N.W.  of  the  northern  end  of  the 
lake.  The  rock  shows  a  fiue-textured  grey  ground,  enclosing  dull 
porphyritie  felspars  up  to  i  inch  iu  length.  These  have  rounded 
outlines  and,  excepting  a  narrow  border,  are  dark,  as  if  from 
numerous  inclusions.  Bxceptang  for  tlie  shape  of  the  felspars,  the 
rock  resembles  to  the  eye  the  Norwegian  rhomb-porphyries.  Its 
specific  gravity  is  2'71.  A  thin  slice  [748G]  shows  that  these 
Felspars  are  usually  grouped  together  in  aggregates.  They  are 
evidently  corroded,  and  often  show  a  line  of  secondary  inclnaions  a 
little  within  the  curved  outline.  Some  show  the  fine  lamellation 
and  nearly  straight  extinction  of  oligoclase,  and  this  felspar  is  seen 
in  places  in  evident  microperthitic  iutergrowth  with  orthoclase. 
Other  crystals,  without  clearly  visible  laraellation,  liave  sonietbing 
of  the  appearance  of  cryptojjerthite.  The  other  elements  of  the 
earlier  crystallisation  are  apatite,  magnetite,  and  augit«,  preceding 
the  felspar  in  order  as  named.  In  one  place  the  augite  ia  seen  in 
micTOgrftphic  iutergrowth  with  the  felspar.  The  groimdr-maaB  ia  <tf 
Bmair  feUpar  prisms,  with  sensibly  straight  eztinctioii  and  no 
evident  twinning,  granules  of  augite,  and  some  minnte  crystala 
of  magnetite. 

It  is  possible  that  this  dyke,  remote  from  the  others,  belongs  to 
a  different  and  much  earlier  epoch,  and  is  to  be  regarded,  together 
with  certain  dykes  near  Elgol  and  elsewhere  already  described 
(on  pp.  288-290),  as  a  specialised  derivative  from  the  magma  which 
gave  rise  to  the  chief  group  of  minor  acid  intrusions  in  Skye. 

*  Judd,  Quart.  J«um.  6«oi.  Soc.,  vol.  xlvL,  p.  380  ;  1890 :  Hiurker,  vWa., 
vol.  lii.,  p.  372 1  1896. 


AugiU-Andesite  Dykes, 


CHAPTER  XXIV. 

AuGITE-AnDESITE  and  PiTCHSTONE  I3YKES. 

We  proceed  to  give  a  brief  account  of  some  of  the  ande&iU  dykes 
of  Skye.  Rocks  with  the  characters  of  typical  augite-andesites 
form  dykes,  usually  of  small  size,*  in  the  neighbourhood  of  Broad- 
ford  and  in  numerous  parts  of  the  Sleat  district.  These  localities 
fall  within  the  range  of  the  Broadford  and  Sleat  gi'oup  of  dykes 
described  above,  and  these,  as  we  have  seen,  are  in  great  part 
intermediate  between  trachytes  and  andesites,  while  some  are 
frankly  andesitic.  It  is  possible  that  the  rocks  now  to  be  noticed 
are  likewise  related  genetically  to  the  trachytes  and  trachy- 
andesites;  but,  showing  no  trachytic  afiinities  in  their  petro- 
graphical  characters,  they  will  be  severed  from  the  preceding 
group  as  probably  distinct,  and  we  shall  show  that  they  stand 
in  close  relation  to  another  group  of  rocks  to  be  described,  viz. 
the  acid  pitchstones. 

Our  augite-andesit«  dykes  show  some  variety  of  characters,  and, 
though  we  have  no  chemical  data,  it  is  evident  from  the  micro- 
scopical examination  and  from  specific  gravity  determinations  that 
they  difier  among  themselves  in  chemical  composition.  These 
diflerences  are  in  great  measure  connected  with  the  existence  in 
some  varieties  of  a  considerable  amount  of  glassy  base,  the  rocks  in 
which  glassy  matter  is  abundant  being  more  acid  than  those  which 
contain  little  or  none.  The  point  has  been  emphasised  by  Professor 
Juddf  in  his  account  of  the  "  younger  augite-andesites "  of  the 
Western  Isles,  among  which  doubtless  our  rocks  are  to  be  included. 

As  an  example  of  the  most  crystalline  type  we  t^ike  a  specimen 
from  a  dyke  f  mile  W.S.W.  of  SgOrach  Breac,  or  about  1^  mile  E. 
of  Ord,  in  Sleat.  It  is  a  dark  grey  close-grained  rock,  with  only  a 
few  small  phenocrysts  and  some  small  round  spots  which  look  like 
amygdules.  Its  specific  gravity  2*80  shows  that,  for  an  andesite, 
it  is  of  relatively  basic  composition.  In  a  slice  [6858]  it  is  seen  to 
consist  of  little  striated  crystals  of  labradorite,  abundant  granules 
of  augite,  and  small  imperfect  octahedra  of  magnetite.  An  interest- 
ing feature  of  the  slice  is  the  occurrence-of  circular  areas  up  to 

*  The  only  large  dyke  observed  which  probably  belongs  here  is  one  30  feet 
wide  running  in  contact  with  a  coarse  70-ft  diabase  dyke  in  the  Harrabol 
crofts.  The  rock  is  rather  fine-textured  and  has  the  specific  gravity  2*75, 
but  has  not  been  examined  microscopically. 

iQmrt.  Joum,  Qeol.  Soc,,  vol.  xlvi,  pp.  371-382,  pi.  XV.;  1890. 
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■boat  -^  inch  in  dUmeter,  roiuid  which  the  little  felspar  pi-isnis 
ore  arranged  tangentiaUy.  They  clearly  represent  vesicles.  Tliey 
are  oooapied  sometimes  by  chaloedonic  quartz  and  other  secoudary 
products,  aometimeB  by  a  fine-textured  rock-substance  consisting  of 
small  interlacing  prisms  of  oligoclase,  altered  microlites  of  augite, 
and  interstitial  matter  wbicb  is  probably  devitrilied  glase.  In 
some  cases  the  centre  of  the  veaicle  is  occupied  by  quartz  and  the 
rest  by  the  fine-teztmed  and  devitrified  matecial. 

We  have  here  an  instance  of  a  phenomenon  which  seems  to  be 
not  onoommon  in  this  group  of  lucks  throughout  Britain.  Tesiclee 
in  the  rock  have  been  filled,  or  partly  Slled,  at  a  lat«  stage  in  tbo 
oomolidation,  by  an  oozing  in  of  the  residual  Suid  magma.  This 
ia  donbtleas  of  more  add  composition  than  the  bulk  of  tho  rock. 
It  hoa  nsmUly  consolidated  mainly  or  wholly  as  a  glass,  which, 
lunraver,  may  have  been  aabsequently  devitrified.  Mr  Teall*  has 
remarked  the  pecttliarity  in  the  andesitic  dyke  of  Tyueniouth. 
Prf^oeaoe  Juddt  baa  recorded  it  in  a  rock  of  epeciiic  gravity  2'89, 
apparently  a  basic  andesite,  occurring  on  Ben  Hiant,  Ardna^ 
murchan,  and  regarded  by  tl^t  author  as  a  lava-flow  but  by  Sir  A. 
Geikie  as  an  intmsive  sill.  Profi  ftsor  Sotlas  +  has  noticed  the  same 
thing  in  an  aogite-andesite  dyke  at  bamesmore  in  Doneenl. 

Those  andesitee  which  contain  a  moderate  amount  of  giam  ham 
exhibit  usually  the  "hyalopilitic"  stmctore  of  Bonnbaaoa,  and 
have  often  a  fine  texture.  A  good  example  is  &om  a  dyke  at  QIas 
Eilean,  Broadford  [9442].  It  nas  a  compact  ground-masa  witii  tiie 
light  gr^  colour  which  the  rocks  of  this  t^pe  invariably  abow,  doe 
pw*tly  to  weathering.  There  are  numerous  rectangular  oryBtals  of 
fresh  striated  felspar,  often  with  markedly  tabular  habit ;  and  in 
the  slice  these  give  extinction-angles  up  to  34°  in  ^mmetrically  cot 
sections,  indicating  a  moderately  acid  labradorite.  The  only 
distinct  element  of  the  ground-mass  is  felspar  in  minute  "lath- 
shaped"  sections,  but  there  have  apparently  been  little  augite 
granules  as  well  as  interstitial  glass,  both  now  destroyed.  A 
dyke  1050  yards  E.N.E.  of  the  summit  of  Ben  Suardal  is 
identical  in  characters  with  the  preceding,  except  that  it  is  of 
rather  finer  texture  and  more  altered.  Its  specific  gravity  is  2"68 
[9573]. 

A  different  type,  much  richer  in  glass,  is  represented  by  a  dyke 
on  the  shore  of  Loch  Eishort,  W.  of  Boreraig  [3201].  It  is  a  fresh 
rock  of  nearly  black  colour  with  glassy-looking  felspars  up  to 
nearly  ^  inch  long.  In  the  slice  these  are  seen  to  contain 
large  inclusions  of  the  ground-mass :  there  are  also  smaller  porphyr- 
itic  felspars,  which  are  clear.  The  light  brown  augite  also  belongs 
in  part  to  an  early  date  of  consolidation,  and  is  then  idioniorphic. 
In  addition  there  are  imperfect  crystals  of  magnetite.  The 
dominant  felspar  is  andesino  or  andesine-labradorite.  The  abundant 
ground-mass   is    essentially  of  a   pale  glass  crowded  with  little 

♦  Old.  Mag.,  1889,  pp,  481-483,  pi,  XIV. 

f  Quart.  Jimm.  Geol.  Soc,  vol.  ilvi.,  p.  378;  1890. 

I  Set.  Froe.  Boy.  LhAl.  Soc.  (2).  vol.  viii.,  p.  93  ;  1893. 
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rectangular  gratings  composed  of  two  systems  of  black  rods  cross- 
ing, with  minute  felspar  fibres,  and  what  seems  to  represent 
destroyed  augite  (Plate  XXVI.,  Fig.  4). 

Another  type  corresponds  with  the  "tholeiite"  of  Rosenbusch, 
with  characteristic  "  intersertal "  structure.  Here  the  proportion 
of  glassy  base  may  vary  between  wide  limits,  even  in  diflerent 
parts  of  one  dyke.  A  good  example  is  a  dyke  between  Rudha 
Gaail  and  Loch  na  Dal,  on  the  coast  N.E.  of  Isle  Ornsay.  This 
becomes  richer  in  glass  towards  the  margin,  and  has  a  thin  tachy- 
lytic  selvage.  One  slice  of  this  dyke  [5423]  shows  rectangular 
felspars  about  -^  inch  long,  augite  in  granules  and  little  sub- 
ophitic  patches,  little  crystals  of  magnetite,  and  abundant  needles 
of  apatite ;  but  in  addition  interstitial  patches  of  glass  crowded 
with  microlites  of  felspar  and  augite.  A  slice  [54^]  of  a  more 
glassy  portion  is  similar  in  all  essentials,  except  that  the  patches 
of  interstitial  base  are  much  more  abundant.  Some  of  these 
patches  are  of  circular  form,  with  the  felspar  "laths"  arranged 
tangentially  about  them.  These  doubtless  represent  vesicles 
occupied  by  the  residual  base  of  the  rock  (Plate  XXVII.,  Fig.  2). 

The  extreme  glassy  type  of  andesite  is  illustrated  by  a  dull  grey 
rock  of  specific  gravity  2*75  from  a  dyke  in  Broadford  Bay  [9441]. 
This  is  evidently  considerably  altered  from  its  original  state,  but 
seems  to  have  been  of  the  nature  of  an  andesite  pitchstone.  There 
are  no  phenocrysts,  but  only  a  much  altered  base  full  of  slender 
felspar  fibres  and  little  dark  rods,  with  partial  parallel  and 
rectangular  grouping,  which  probably  represent  destroyed  microlites 
of  augite. 

Rocks  in  any  way  comparable  with  the  above  seem  to  be  at 
least  very  rare  in  Skye  outside  the  area  which  has  been  indicated ; 
but  certain  rocks  from  Druim  an  Eidhne  may  be  mentioned  here 
as  probably  devitrified  andesitic  pitchstones-  The  best  example 
was  found  as  a  dyke,  a  foot  in  width,  intereecting  the  gabbro  on  the 
highest  point  of  the  ridge  named.  It  is  a  grey,  compact,  and  rather 
splintery  rock  of  specific  gravity  2*79,  with  a  strongly-marked  fine 
banding,  caused  by  lines  and  little  spots  of  dark  greenish-grey 
upon  a  lighter  ground.  The  little  spots,  as  seen  on  the  hand- 
specimen,  suggest  spherulites.  In  a  thin  slice  [8702]  the  appear^ 
ance  in  natural  light  is  precisely  that  of  a  pitchstone.  The  only 
porphyritic  elements  are  rare  crystals  of  brown  hornblende  and 
felspar  of  small  size.  The  general  mass  of  the  rock  shows  a  multi- 
tude of  minute  crystallites,  varying  in  size  and  arrangement.  In 
some  bands  these  are  preserved  intact,  and  appear  as  a  crowd  of 
minute  rods  of  pale  green  colour,  probably  augite.  More  usually 
the  crystallites  are  replaced  by  chloritic  or  ferruginous  matter.  The 
larger  ones  occur  in  groups  with  a  stellate  arrangement,  surrounded 
by  a  clear  space.  These  clear  spaces,  with  the  general  base  in 
which  the  crystallitic  growths  are  set,  appear  colourless  and  struc- 
tureless in  natural  light.  Polarised  light,  however,  shows  a  finely 
crystalline  and  evidently  felspathic  mass  with  confused  interlacing 
structure.     It  is  probably  a  devitrified  glassy  base,  but  concerning 
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devitrification  in  rocks  of  this  kind  of  composition  there  is  very 
little  information  available. 

A  point  to  which  we  have  already  alluded  is  the  relation  sub- 
sisting between  the  augite-andesites  and  pitchstones  in  the  same 
area.  Not  only  do  the  andesitic  dykes  contain  in  many  cases  a 
variable  amount  of  glassy  base,  and  come  to  be  represented  in  some 
instances  by  practically  vitreous  rocks,  still  of  intermediate  acidity; 
but  there  seems  to  be  a  somewhat  intimate  relationship  between 
the  andesites  and  true  pitchstones  of  acid  composition.  This  is 
better  illustrated  in  some  other  parts  of  the  British  province — e.g. 
in  Arran — than  in  Skye,  but  a  few  words  on  the  subject  will  not 
be  out  of  place. 

Professor  Judd,*  in  a  paper  already  cited,  has  remarked  on  the 
tendency  in  these  "younger  augite-andesites"  for  the  glassy  to 
become  separated  from  the  crystalline  portion.  The  point  is  an 
interesting  one  as  perhaps  throwing  light  upon  one  kind  of 
differentiation — viz.,  that  effected  by  the  separation,  or  partial 
separation,  of  the  crystals  already  formed  at  a  given  stage  from  the 
residual  fluid  magma.t  The  composition  of  the  residual  magma 
thus  separated  would  depend  upon  the  stage  of  consolidation  at 
which  the  process  was  effected :  ifc  might  be  sub-acid  or  thoroughly 
acid.  Again  we  may  recognise  different  degrees  of  separation, 
depending  upon  circumstances,  as  folio wn :  (i.)  a  patchy  arrange- 
ment on  a  small  scale  of  the  glassy  base  in  the  augite-andesites, 
such  as  is  often  seen  in  slices,  and  the  oozing  of  the  magma  into 
vesicles  as  noted  above ;  (u.)  kernels  and  patches  of  larger  size, 
composed  of  relatively  acid  glass,  embedded  in  an  andesitic  dyke  ; 
(ui.)  composite  dykes  of  augite-andesite  and  pitchBtone,  such  as 
those  of  Cir  Mhor  and  Tormore  in  Arrant;  and  (iv.)  separate 
dykes  of  augite-andesite  and  pitchstone  associated  in  the  same 
area. 

The  second  of  these  four  cases  is  illustrated  by  one  example 
from  Skye  cited  by  Professor  Judd.  It  is  from  Bealach  a*  Mhaim 
and  presumably  from  a  dyke,  though  the  mode  of  occurrence  is  not 
recorded.  The  dyke- rock  itself  is  stated  to  have  a  specific  gravity 
2*89,  and  must  therefore  be  of  considerably  basic  composition.  The 
glass  which  occurs  locally  as  patches  in  the  midst  of  it  yielded  the 
analysis  here  quoted  in  column  I. :  its  relatival}^  acid  nature,  and 
especially  its  high  content  of  alkalies,  are  very  remarkable.  For 
comparison  we  have  the  Eskdale  dyke,  in  Dumfriesshire,  described 
by  Sir  A.  Geikie,  with  enclosed  glassy  ])ortions  of  which  analyses 
are  quoted  under  i^  and  C.  It  is  interesting  to  refer  also  to  the 
Armathwaite  dyke,  described  by  Mr  Teall,  an  augite-andesite 
closely  like  some  of  those  of  the  Western  Isles  and  doubtless 
belonging  to  the  same  group.  It  illustrates  how  the  interstitial 
base  of  such  a  rock,  which  yields  58  per  cent,  of  silica  in  bulk- 

*  Quart.  Journ.  Geol.  Soc.^  vol.  xlvi.,  p.  .370  ;  1890. 
t  Compare  also  Judd  in  Geoh  Mag.y  1888,  pp.  1-11. 
I  Judd,  Quart.  tTourn.  Geol.  >SW.,  vol.  xlix.,  536-564  ;  1893. 
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analysis,  may  be  comparable  in  composition  with  some  acid  pitch- 
stones  (see  column  0). 


I. 

A. 

B. 

C. 

SiOa     - 

61-80 

58-67 

65-49 

70-76 

^h^s  -         - 

U-91 

14-37 

14-66 

10-93 

FeoO,  - 

8-27 

1-64 

•  • 

3-59 

FeO      -         - 

not  det. 

6-94 

5-44 

not  det. 

MnO    - 

not  det. 

trace 

•   • 

•   • 

MgO    .         - 

0-27 

4-65 

1-57 

4-21 

CaO      - 

3-33 

7-39 

3-73 

3-29 

NaaO  - 

6-50 

301 

not  det. 

1   7-22 
j  by  diff 

KaO 

519 

1-42 

not  det. 

Ignition 

0-87 

202 

not  det. 

•  • 

101-14 

100-11 

•    • 

10000 

Specific  gravity 

2-63 

2-7 

<    • 

•     • 

I.  Glass  in  "  labradorite-andesite "  (?  dyke),  Bealach  a  Mhaim, 
between  Sligachan  and  Glen  Bi-ittle :  mean  of  duplicate  analyses 
by  S.  Pari-ish  and  H.  J.  Taylor,  Quart.  Jauni.  Geol.  Soc.^ 
vol.  xlvi.,  p.  364;  1890. 

A.  Glassy  portion  of  the  Eskdale  dyke,  near  Eskdalemuir  Manse, 

Dumfriesshire:  anal.  J.  G.  Grant- Wilson,  Proc.  Roy.  Phys.  Soc. 
Edin.,  vol.  v.,  p.  253;  1880. 

B.  Isolated  kernels  of  black  glass  dispersed  through  the  same  rock : 

anal.  J.  G.  Grant-Wilson,  ibid.,  p.  254. 

C.  Insoluble  residue  of  Armathwaite  dyke,  Cumberland,  amounting 

to  35-57  per  cent,  of  the  rock,  and  representing  approximately 
the  insterstitial  base:  anal.  W.  F.  K.  Stock,  Qtuirt.  Jownh. 
Ged.  boc.,  vol.  xl.,  p.  225;  1884. 

We  have  next,  to  describe  the  acid  pitchsiones  of  our  area. 
Pitchstone  is  a  rock  of  comparatively  rare  occurrence  in  Skye;  but 
in  virtue  of  its  very  distinctive  appearance  it  attracts  the  eye 
wherever  it  is  found,  and  it  was  recorded  by  some  of  the  earliest 
explorers  of  the  island.  As  the  observed  occurrences  are  few,  and 
exemplify  more  than  one  variety  of  the  rock,  we  shall  notice  them 
severally.  They  are  all  situated  nearly  on  one  line  running  N.W.- 
S.B. ;  and  with  one  exception  they  are  within  or  closely  on  the 
border  of  the  granite  area  (see  Fig.  76,  p.  387).  They  form,  in  every 
case  examined,  dykes  of  quite  small  width,  and  in  some  cases  not 
the  whole  width  of  the  dyke  has  the  character  of  a  typical  pitch- 
stone.  In  more  than  one  instance  the  dyke  itself  is  concealed 
beneath  the  great  screes  of  the  Red  Hills,  and  only  loose  fragments 
have  been  found. 

Two  or  three  pitchstone  dykes  occur  on  Glamaig.  Jameson  * 
found  here  fragments  of  yellowish  and  green  pitchstone,  but  was 
not  able  to  discover  their  source.     Maccullocht  noted  fragments  of 

♦  Mineralogy  of  the  Scottish  Ides,  vol.  iL,  p.  90  ;  1800. 
t  Descr.  West.  M.  Scot.,  vol.  i.,  p.  401 ;  1819. 
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two  varietiefl,  me  btaok  with  a  few  glassy  felspars  encloeed,  the 
other  cJiTe-gTeeQ  witi  a  gtrnctare  (spheral  itic)  which  he  remarked 
as  a  novel  peculiarity.  7on  OaymiaTiEen  and  von  Dechen  *  found 
a  dyke  2  or  3  feet  wide  of  dark  green  spherulitic  pitchstone, 
apparently  on  the  north  face  of  the  eastern  peak  of  Glamaig,  at  | 
«M  the  height  of  the  hill,  besides  looise  fragments  of  the  black 
variety.  Zirkelt  nsea  nearly  the  aaiiie  lang\iagc  as  the  authors 
jnBt  quoted,  bat  it  is  not  clear  whether  he  refers  to  the  eame  dyke. 

At  least  two  pitchstone  dykes  interei'i't  the  granite  of  tilamaig, 
and  these  are  the  most  northerly  and  the  moat  westerly  of  which 
we  have  found  any  evidence  in  8kye.  One  at  about  1300  feet 
altitnde,  or  about  half-way  np,  on  the  western  slope  is  not  that  of 
von  Oeynhansen  and  von  Dechen,  bnt  may  possibly  be  the  same 
that  was  recorded  by  Zirkel.  It  bears  i^.W.  by  N.,  and  has  a 
width  of  about  2  feet,  bat  eeema  to  be  a  double  dyke,  consisting  of 
two  members  each  abont  a  foot  wide.  Tlie  purely  glaaey  portion 
-  is  (^  a  dark  greenish  grey  colour,  and  hag  a  specific  gravity  2-31. 
It  encloses  only  rare  crystals  of  felspar  tip  to  ^  inch  in  length,  but 
more  frequently  little  sphendites.  Thene  are  usually  only-j-'j-  to  ^ 
inch  in  diameter,  but  some,  especially  in  the  dull  devitriiled  portion 
of  the  dyke,  readi  a  diameter  of  an  inch.  The  glass  is  pale  yelionr 
in  a  thin  slice  [8733]  and  mostly  free  from  any  cry stallitio  stowUib; 
bnt  in  certain  narrow  bands  (y^  inch  wide),  parallel  to  we  d^e, 
€here  are  little  rod-like  bodies  with  a  tendency  to  star-like  gronp- 
inga  reminisc^it  of  the  well  known  Arran  pitohBboiiefl,  They  seem 
to  be  ctf  angite  or  hornblende,  bat  are  too  minnte  to  ezhilat  tihdr 
optical  prc^>erties  clearly.  The  little  felspar  crystals,  whi(^  are 
scattered  very  sparinglv  through  the  rock,  are  simple  or  onoe 
twinned:  occasionally  tney  form  the  nuclei  of  sphemlites.  The 
small  spherulites  are  paler  in  slices  than  the  glassy  matrix,  but 
have  a  well  defined  border  of  deeper  tint,  a  light  yellowish  brown : 
sometimes  there  are  two  or  even  three  concentric  rings  of  this 
nature.  The  spherulites  have  an  elliptic  section,  being  elongated 
in  the  direction  of  flow,  i.e.  parallel  to  the  walls  of  the  dyke.  The 
black  cross  which  they  show  between  crossed  nicois  is  not  a  very 
regular  one,  and  it  is  clear  that  it  arises  not  from  a  radiate  structure 
but  from  a  concentric-shell  arrangement,  like  that  seen  in  many 
oolitic  limestones  {Plate  XX.,  Fig.  5).  The  birefringence  is  com- 
parable with  that  of  an  alkali-felspar.  By  using  a  mica-plat©  we 
find  that  the  spherulites  are  of  the  "positive"  kind  (i.e.  the  least 
axis  of  optical  elasticity  is  in  the  radial  dii-ection),  and  we  may 
conceive  this  effect  as  resulting  from  "negative"  felspar-fibres 
an-anged  tangentially. 

There  is  more  than  one  dyke  of  this  type  on  Glamaig,  for  frag- 
ments of  a  rock  closely  resembling  that  just  described  occur  in  the 
screes  some  600  feet  higher  up.  Macculloch's  black  porphyritic 
pitchstone  belongs  probably  to  still  another  dyke  concealed  by  the 
screes.     We  have  not  found  it  on  Glamaig  itself,  but  boulders  of  it 

*  Karsttn't  ArchivfiiT  Mineraloale,  vol.  i.,  p.  85,  pi.  III.,  fig.  2  ;  1829. 
t  ZtiU.  devis.  geol.  Gta.,  vol  iiiii.,  p.  89  ;  1871. 
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occur  in  the  drift  of  the  district  on  the  line  of  the  other  Glamaig 
bonlders.  It  is  a  black  rock  with  pitchy  lustre,  enclosing  fresh  felspars 
up  to  ^  inch  in  length,  and  having,  like  most  of  these  pitchstonee, 
a  certain  fissile  character.  A  specimen  from  the  drift  near  Drynoch 
Lodge  gave  the  specific  gravity  2*37.  A  specimen  of  the  well 
known  rock  of  the  Sgdrr  of  Eigg,  selected  for  its  resemblance  to 
these  boulders,  gave  2*42.  The  resemblance,  however,  seems  to 
be  a  superficial  one  only.  The  felspars  in  our  rock  are  wholly  of  a 
monoclinic  species,  with  carlsbad  twins.  The  other  porphyritic 
elements  are  green  augite  crystals  and  some  small  octahedra  of 
magnetite.  The  ground-mass  has  a  yellowish  colour,  with  evident 
llow-structure.  It  encloses  little  rods,  from  '005  inch  downward, 
of  faint  green  colour  and  presumably  of  hornblende  or  augite ;  the 
smaller  ones  are  gathered  into  stellate  groupings,  each  surrounded 
by  a  clear  space.  Much  more  minute  crystallitic  growths  dis- 
seminated through  the  colourless  glassy  base  impart  the  yellowish 
tint  and  slight  turbidity  which  are  noticeable  with  a  low 
magnification, 

The  next  locality  for  pitchstone  is  on  the  eastern  slope  of  Glas 
Bheinn  Mhdr.  Loose  fragments  are  found  beside  the  Strath  Mdr 
foot-path,  in  some  of  the  scree-deltas  thrown  out  by  the  small 
streams  which  intersect  the  slope.  Our  attention  was  called  to 
these  fragments  by  Sir  A.  Geikie ;  but,  though  their  source  is  prob- 
ably in  the  immediate  neighbourhood,  we  have  not  succeeded  im 
detecting  it,  and  it  is  probably  concealed  under  the  screes.  The 
rock  has  a  dark  olive-brown  glassy  ground-mass  enclosing  closely- 
set  crystals  of  felspar  up  to  J  inch  long.  Its  specific  gravity  is 
2*44.  Thin  slices  show  that,  besides  felspars,  both  oHgoclase  and 
sanidine,  green  augite  and  magnetite  figure  among  the  phenocrysts, 
and  these  several  minerals  are  grouped  in  aggregates.  Some 
felspar  crystals  are  so  honeycombed  with  inclusions  of  the  ground- 
mass  that  they  consist  to  the  extent  of  fiiUy  one-half  of  glass.  A 
more  unusual  feature  is  the  occurrence  of  quartz  micrographically 
intergrown  in  felspar  phenocrysts  and  of  radiating  fringes  of  micro- 
pegmatite  bordering  groups  of  crystals.  The  glassy  ground-mass 
has  a  yellowish  cloudy  appearance,  due  to  an  immense  number  of 
very  minute  crystallitic  elements  visible  only  with  a  high  magnify- 
ing power.  They  are  partly  globulites,  partly  short  rods.  Perlitic 
fissures  are  sometimes  seen  surrounding  the  phenocrysts  (Plate 
XXIV.,  Fig.  3). 

It  is  probable  that  more  than  one  dyke  of  pitchstone  occurs  on 
this  slope  of  Glas  Bheinn  Mhdr,  for,  at  a  spot  not  far  north  of  the 
last,  two  pitchstone  boulders  were  found  in  the  drift  of  Strath  Mdr, 
which  difier  from  the  variety  just  noted.  One  contains  only 
scattered  rectangular  felspars  about  ^  inch  long  in  a  grey  ground- 
mass.  This  has  a  patchy  appearance  from  the  intermingling  of 
truly  vitreous  portions  with  others  of  somewhat  duller,  enamel-like 
aspect.  The  specific  gravity  of  this  rock  is  2*34.  A  thin  slice 
shows  that  besides  the  felspar  phenocrysts  there  are,  as  usual, 
smaller  ones  of  augite  and  a  few  grains  of  magnetite.  The  felspar 
2b 
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is  sanidine,  and  it  encloseB  iugb  patches  of  glass,  besides  crystals 
of  augite  and  magnetite.  The  yellow  and  I'ather  clondy  glass 
which  forms  the  matrix  owes  its  appearanco  to  a  ci-owd  of  minute 
globulites,  barely  resolved  under  a  high-power  objective.  The 
other  boulder  from  this  place  has  a  specific  gravity  2-346.  Under 
the  microscope  it  allows  a  aimilar  yellow  glass,  in  which  sanidine 
phenocrysta  are  embedded,  aod  the  yellowish  turbidity  is  resolved 
with  high  magnification  into  a  vast  number  of  very  minute  rods 
and  globulites.  There  are  little  clear  spaces  surrounding  green 
microlites  of  larger  dimeoBions,  though  still  less  than  ^-J-g  inch  long, 
which  tend  to  aggregate  into  roughly  Htellate  gi-oups,  recalling 
9ome  of  the  well  known  pitchBtones  of  Arran. 

Jameson*  in  1800  recorded  fragments  of  dark  leek-green  pitch- 
stone  on  the  slopes  of  Beinn  na  Caillich,  and  in  1318  discovered 
their  source  in  the  form  of  a  "  vein  in  a  stream  descending  from 
that  mountain,"  probably  Allt  a'  Choire,  above  the  farm  of  Coire- 
chatachan  (see  Macculloc5i,t  jxwkmi).  Several  pitchstoue  dykes,  or 
dykes  composed  partly  of  pitchstone,  intersect  the  granite  of  Beinn 
na  Caillich.  One  high  up  on  the  northern  face  does  not  seem  to  be 
exposed,  but  fragments  were  foond  at  an  altitude  of  over  2000  feet. 
It  is  a  deep  olive-gi-een  gloflay-looking  rock,  enclosing  numerous 
little  felspars  and  other  cryatAls,  and  the  specific  gravity  was  found 
to  be  2'35.  A  slice  [6796]  shows  the  little  felspars  to  be  mostJy 
aanidine,  but  with  some  pla^ocl&se.  There  are  also  some  yellowish 
grains  of  angite  and  an  occaaiunal  slender  prism  of  a  greener 
augite  (eztinotion-angle  38°) ;  and  a  few  pyramidal  crystals  of 
quarts  occur.  The  mass  of  the  rock  is  a  clear  colourless  glass  full 
of  little  rod-like  crystallites,  which  in  the  neighbourhood  of  the 
porphyritic  cryetalB  have  a  marked  fluxional  arrangement.  The 
lai^est  of  these  minute  rods  just  show  a  faint  greenish  tint,  and 
they  are  presumably  either  augite  or  hornblende,  the  former  being 
perhaps  the  more  probable  in  view  of  the  augite  phenocrysts, 
though  comparison  with  the  Arran  rocks  forbids  us  to  insist  on 
this  point. 

Low  down  on  the  eastern  slopes  of  the  hill  two  or  ihree  dykes 
occur  in  the  bum  Allt  a'  Choire,  which  flows  down  to  Coire-chat- 
achan.  A  small  water-fall  at  about  350  feet  altitude  is  caused  by  a 
triple  dyke  running  nearly  E.-W,  The  two  flanking  meniberB 
consist  of  compact  quartz-bearing  felsitic  rocks  which  gave  specific 
gravities  2'63  and  2-58  [8842].  The  central  member  is  a  pitch- 
stone  of  more  subdued  lustre  than  the  preceding,  but  also  of  olive- 
green  colour  :  its  specific  gravity  was  found  to  be  2*30.  I'orphyritic 
elements  are  rare  and  of  small  dimensions :  a  thin  slice  [6794] 
shows  that  they  are  of  sanidine  with  rather  rounded  outlines.  The 
transparent  colourless  matrix  of  the  rock  is  only  partly  glassy,  and 
in  large  part  crystalline,  consisting  of  felspar.  It  is  crowded,  as 
before,  with  minute  rod-like  crystallites.  Some  larger  ones  show 
a  greenish  tint  and  a  fibrous  structure,  and  give  extinction-angles 
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up  to  16^,  indicating  hornblende.  Each  is  surrounded  by  a  clear 
space  free  from  the  smaller  crystallites  ;  a  feature  familiar  in  the 
Arran  and  other  pitchstones  (Plate  XXIV.,  Fig.  2).  Slices  cut 
from  the  marginal  portion  of  the  rock  showed  some  differences  from 
the  above.  There  are  little  bands  wholly  made  up  of  closely-packed 
very  mmute  spherulites,  each  giving  the  black  cross.  More  com- 
plex,  but  less  perfect,  spherulitic  growths  of  a  brownish  tint 
surround  the  few  small  porphyritic  felspars,  and  form  detached 
wisps.  There  is  here  less  glass  in  the  base  of  the  rock,  most  of 
which  shows  depolarisation,  especially  evident  in  the  clear  spaces 
surrounding  the  hornblende  crystallites  [6795]. 

That  rocks  similar  to  the  pitchstones  of  the  Red  Hills  occur  also 
in  the  Sleat  district  appears  from  a  specimen  collected  by  Mr 
Clough  from  a  dyke  at  Allt  Duisdale,  near  Isle  Omsay.  It  is  a 
dark  rock  with  a  pitchy  lustre,  enclosing  scattered  felspars  up  to  j^ 
inch  long,  and  having  the  specific  gravity  2 '36.  It  has  a  marked 
flow-structure,  and  also  a  rough  platy  or  columnar  fracture  oblique 
to  this.  A  thin  slice  [6130]  shows  that  the  porphyritic  elements, 
only  sparingly  present,  are,  in  the  order  of  their  crystallisation, 
imperfect  octahedra  of  magnetite,  light  green  prisms  of  augite,  and 
clear  untwinned  crystals  of  sanidine,  rounded  and  corroded.  The 
rest  is  a  clear  colourless  glass  crowded  with  minute  slender  prisms 
^dth  imperfect  terminations.  Some  of  these  are  of  sanidine,  but 
the  majority  have  a  greenish  colour,  and  are  found  by  their  extino- 
tion-angles  to  be  augite,  perhaps  with  some  hornblende. 

The  above  pitchstones  seem  by  their  low  specific  gravities  to  be, 
at  least  in  the  main,  of  acid  composition.  This  criterion  is  how- 
ever not  entirely  satisfactory,  and  we  have  already  remarked  on 
the  resemblance  of  one  of  the  rocks  to  that  of  the  Sgdrr  of  Eigg, 
which  is  of  sub-acid  composition.  Published  analyses  of  British 
Tertiary  pitchstones  show  that  those  of  truly  acid  nature  have 
specific  gravities  ranging  from  2*29  to  2'37,  while  the  pitchstone  of 
Bamesmore  Gap  in  Donegal  (with  64*04  per  cent,  of  silica)  gives 
2-41,  and  that  of  the  Sgtlrr  of  Eigg  (with  65-81  per  cent.)  2-42. 
These  sub-acid  glasses  are  therefore  very  little  denser  than  others 
containing  8  or  10  per  cent,  more  silica. 

Although  pitchstones  are  of  comparatively  rare  occurrence  in 
Skye,  there  are  in  places  very  numerous  dykes  which,  although 
not  glassy,  reproduce  in  other  respects  the  characteristics  of  that 
group  of  rocks,  and  are  perhaps  to  be  regarded  as  devitrified  and 
otherwise  altered  pitchstones.  They  are  dykes  of  no  great  width, 
usually  only  a  foot  or  two,  exceptionally  as  much  as  six  or  even 
ten  feet.  Their  direction  is  commonly  about  W.N.W.-E.S.E.,  but 
varies  in  extreme  cases  from  W.-E.  to  N.-S.  They  are  dull 
compact-looking  rocks,  often  crowded  at  the  margin  with  little 
spherules  which  show  conspicuously  on  a  weathered  face ;  and 
these  are  sometimes  alligned  so  as  to  give  what  Mr  Clough  has 
styled  a  "rodded"  structure.  A  number  of  specimens  were 
examined  from  the    neighbourhood  of  Coire-chatachan  and  the 
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■k^M  of  Bemn  oa  OuUioh.  Five  of  these  gave  specific  gravitieB 
imging  from  2*46  to  8*64,  wi^  a  mean  of  2-50.  For  the  sake  of 
oteutwn  W6  will  rrfer  to  these  presniuably  altered  rocks  aa  the 
Ooin-ehataehan  type-  Their  local  distribution  is  inrlicated  in  Fig. 
76,.aboT«. 

Before  describing  these  dykes  it  Bbonld  be  obeeiTed  that  rodoi 
of  praoiBely  similar  cbaraotera  are  found  in  immediate  aasooiatkn 
wiOi  typical  pitchstones,  and  them  have  erenr  appearanoe  of  aa 
identiau  origin.  Thus  the  d&rk  green  pitchstoiie  of  Glamaiu^ 
already  deecribed,  passes  into  a  dull  grey .  compact  rook,  wiffi 
flaxion-lines  weathering  ont  as  slender  ribs  on  an  exposed  ftca 
A  thin  slice  [8841]  u  very  inetractive.  In  natural  liglrt  it 
appears  practically  identical  with  the  pitchBtone  [8738],  oonaiifr-: 
ing  of  what  looks  like  a  pale  yellow  glass  with  sciAtoieil 
oystallites  and  enclosing  little  phenocryste  of  sanidine  and  more 
ramy  of  men  angite.  With  crossed  nicols  the  appearanoe  ii~ 
totally  different.  What  looked  like  a  glaaa  is  tonnd  to  be 
bir^ingent  and  to  consist  of  a  mosaic,  the  indindual  elementa 
(tf  whi<£  average  about  -^  inch  across.  These  dements,  bcnp- 
erer,  are  not  crystal-grains,  for  they  give  shadowy  or  "nndakae" 
extinction,  of  a  kind  indicating  a  divergent  fibrona  Btmctore. 
The  birefringence  is  nearly  eqnafto  that  of  quarts.  'IbaA  tHoB  is 
dne  to  devitrification  of  a  once  glassy  rock  is  placed  beyond  donfak 
by  another  portion  of  the  same  slice.  Here  we  have  in  natural 
light  lihe  same  appearance  of  a  glass,  bat  with  a  patchy  arrange- 
ment, litUe  patches  of  pale  yellow  or  yellowish  iHtmn  tint,  <if 
irregolar  but  rounded  shape,  being  separated  by  nearly  coloarless 
and  qoite  clear  parts  with  a  disposition  like  a  network  of  veins. 
With  crossed  nicols  we  see  that  the  yellow  patches  are  still 
isotropic :  the  clear  parts,  however,  structureless  in  natural  light, 
break  up  into  a  mosaic  comparable  with  that  just  described.  The 
radiate  structure  of  each  element  of  the  mosaic  is  here  more 
developed,  so  as  to  give  a  perfect  black  cross.  These  clear  doubly 
refracting  parts  evidently  follow  a  system  of  cracks,  partly  with 
a  genera!  parallelism  which  corresponds  with  the  platy  jointing 
and  flow-structure  of  the  dyke.  The  evidence  of  devitrification 
seems  in  this  instance  to  be  complete. 

Some  of  the  Coire-chatachan  dykes,  though  now  devoid  of 
vitreous  matter,  show  so  close  a  general  resemblance  to  the  rock 
just  described  that  we  may  confidently  assign  to  them  a  like 
origin.  Good  examples  are  afforded  by  a  dyke  (sp.  gr.  2-54)  about 
1100  yards  N.N.E.  of  the  old  house  of  Coire-chatachan  and 
another  (sp.  gr.  2-53)  in  the  lower  part  of  Allt  a'  Choire.  Slices 
[6785,  6793]  closely  resemble  pitchstones  when  examined  in 
natural  light.  There  is  a  general  cloudiness,  due  to  a  crowd  of 
excessively  minute  crystallites  (as  in  some  well  knoivn  pitchstones, 
such  as  that  of  Ck)rriegill3,  Arran);  and  there  are  also  larger 
crystallites,  each  surrounded  by  a  narrow  clear  space  and  in  the 
more  altered  parts  by  a  ring  of  darker  brown.  Between  crossed 
niuols  the  rocks  show  a  microcrystalline  structure,  often  witli  a 
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confused  "  felsitic  "  appearance,  but  elsewhere  consisting  of  evident 
grains  of  untwinned  felspar.  There  is  no  black  cross,  and  very 
little  approach  to  a  radiate  arrangement  such  as  is  clearly,  but  it 
would  seem  exceptionally,  developed  in  the  Glamaig  rock.  Even  in 
that  case  it  is  to  be  observed  that  no  true  spherulites,  with  defined 
boundaries,  were  formed  in  the  process  of  devitrification.  The 
spherulites  there  found  [8733]  are  undoubtedly  primary  growths. 
In  no  rocks  in  Skye  have  we  found  any  evidence  of  typical 
spherulites  formed  in  connection  with  devitrification.  Some  of  the 
Coire-chatachan  dykes  contain  spherulites,  or  have  contained  them, 
but  these  structures  seem  to  be  in  every  case  original,  and,  as  we 
shall  see,  have  often  been  destroyed  by  the  secondary  changes 
which  the  rocks  have  undergone.  As  an  example  of  this  we  may 
take  a  one-foot  dyke  seen  about  850  yards  N.N.E.  of  the  old 
house,  a  dull  compact-looking  rock  with  flow-lines  marked  by 
alternations  of  lighter  and  darker  grey.  A  thin  slice  [6790]  shows 
very  numerous  yellow  spots,  y  J^  to  -^  inch  in  diameter,  set  in  a 
paler,  evidently  crystalline,  matrix.  The  spots  are  round  and 
sharply  defined :  they  have  a  darker  border,  and  the  larger  ones 
have  sometimes  dark  concentric  rings.  They  seem  certainly  to 
represent  spherulites;  but,  if  so,  they  have  doubtless  had  their 
structure  wholly  destroyed  by  recrystallisation,  for  they  are  now 
merely  fine-textured  granular  patches.  The  paler  matrix  consists 
of  elongated  grains  or  imperfect  crystals,  up  to  ^  inch  long, 
extinguishing  pretty  accurately  parallel  to  their  length,  and  with 
the  properties  of  orthoclase.  Round  the  spherules  they  sometimes 
assume  a  radiating  arrangement.  Although  the  rock  has  now 
nothing  of  the  characters  of  a  pitchstone,  comparison  with  other 
specimens  suggests  that  such  may  have  been  its  original  state. 
Its  composition  is  apparently  that  of  a  trachytic  rock. 

Other  examples  show  what  must  be  regarded  as  a  more  radical 
kind  of  alteration,  probably  affecting  the  bulk  composition  of  the 
rock;  and  in  such  cases  the  term  "devitrification"  does  not 
adequately  express  the  changes  undergone.  A  10  ft  dyke  about 
900  yards  N.  of  the  old  house  is  of  a  dull  compact  rock  with  strong 
flow-structure,  marked  by  closely  alternating  whitish  and  greenish 
grey  bands :  the  specific  gravity  is  2*52.  A  slice  [6784]  shows  the 
greenish  tint  to  be  due  to  little  patches  and  streaks  of  chloritic  and 
ferruginous  matter.  Some  portion  of  this  evidently  replaces  little 
crystallites  like  the  larger  of  those  seen  in  the  pitchstones,  and  the 
cloudy,  finely  disseminated  matter  may  perhaps  be  derived  from 
the  destruction  of  more  minute  crystallitic  growths.  The  general 
mass  of  the  rock  has  the  confused  "felsitic"  structure  noted  in  the 
other  specimens,  and  where  the  elements  of  the  aggregate  are 
large  enough  to  be  identified,  they  are  apparently  orthoclase. 
There  are,  however,  in  addition,  numerous  irregular  patches  of  clear 
quartz-mosaic,  which  from  their  manner  of  occurrence  must 
certainly  be  set  down  as  secondary,  and  seem  to  point  to  an  intro- 
duction of  silica  from  without.  This  appears  more  clearly  in  a 
dyke  a  little  north  of  the  preceding,  and  differing  from  it  in  general 
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aopect  only  in  being  spherulitic.  Distinct  spherules  and  axiolitic 
bftnds  formed  by  tlieir  coalescence  make  up  a  considerable  part  of 
the  rock  [6786],  and  some  of  them,  preserving  perfectly  their 
radiating  and  tufted  atructurea,  must  be  nearly  in  their  original 
state.  Elaewhere  there  is  considerable  alteration  evinced  by  the 
occurrence  of  abandant  clear  quartz  in  the  form  of  BcctorB  cutting 
into  the  yellowish  brown  spherulites  and  axioUtes.  They  are  often 
continuous  with  similar  clear  quartz  occupying  the  interetieea  of 
the  sphemliteB  and  forming  streaks  between  the  bands.  In  this 
case  it  appears  that  changes  of  a  kind  involving  partial  ailicification 
have  almost  wholly  destroyed  the  original  nature  of  the  matrix, 
and  attacked  to  some  extent  the  more  durable  sphenilitic 
growths.  The  siliceous  replacement  must  have  been  of  a  gi'adual 
kind,  for  both  in  this  and  in  the  preceding  rock  it  is  within  the 
clear  quartz  are^a  that  the  forms  of  the  little  cryBtallitee  of  the 
original  rock  are  most  perfectly  preseiTed.  The  same  remark 
applies  to  a  rock  in  many  respects  resemblhig  the  last,  occnrring 
at  the  north-eastern  base  of  Beinn  na  Caillich,  about  550  yards 
N.W,  by  N.  of  the  Lochain.  It  was  found  only  in  the  form  of 
abundant  loose  fragments,  but  evidently  belongs  to  a  dyke  of 
this  group.  It  has  a  lamellar  jointing  coinciding  with  a  strong 
fliirion-banding  and  is  crowded  with  little  spherulites,  which  have 
the  "rodded"  arrangement. 

A  dyke  seen  on  the  coast  to  the  N.N.E.  of  Corry  Lodge,  Broad- 
foi-d,  has  characters  which  in  many  respects  resemble  those  of  the 
more  altered  of  the  Coire-chatachan  dykes,  and  is  possibly  like 
them  a  transformed  glassy  rock ;  but  it  ia  essentially  different  from 
them  in  its  original  nature.  It  contains  abundant  crystals  of 
qnartz,  and  mnat  have  been  a  rock  of  thoronghly  acid  compodtioii. 
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CHAPTEK  XXV. 

General  Review  of  Tertiary  Igneous  Activity  in  Skye. 

In  the  previous  chapters  we  have  given  in  detail  the  results  of 
our  study  of  the  Tertiary  igneous  rocks  of  Skye,  both  in  the  field 
and  in  the  laboratory.  We  have  endeavoured  to  range  them  in 
natural  groups,  each  belonging  to  a  defined  epoch,  and  these  have 
in  general  been  treated  in  chronological  sequence.  The  departures 
from  such  order  have  in  a  few  instances  been  dictated  by  convenience, 
to  avoid  repetition :  more  often  they  have  been  necessitated  by  the 
imperfection  of  the  record  or  by  our  failure  to  decipher  it.  We  have 
now  to  summarise  the  principal  events  during  the  prevalence  of 
igneous  activity  in  Skye  in  the  earlier  half  of  Tertiary  time  ;  at  the 
same  time  touching  upon  certain  considerations  with  respect  to  the 
origin  and  mutual  relations  of  the  rocks,  which  arise  naturally  from 
such  a  general  review  of  observations  already  recorded.  That  the 
assemblage  of  igneous  rocks  described  in  the  foregoing  pages  may 
be  treated  as  a  connected  whole  will  be  generally  conceded  without 
formal  discussion,  and  has  been  implicitly  assumed  in  the  course  of 
our  account  of  the  rocks.  Our  investigation  therefore,  though 
deficient  in  certain  particulars,  afibrds  the  requisite  data  for  tracing 
to  some  extent  the  progress  of  igneous  activity  in  its  various 
manifestations  from  the  earliest  to  the  latest  stage.  The  area 
studied,  though  but  a  small  part  of  a  vast  region  throughout  which 
similar  conditions  prevailed  contemporaneously,  is  wide  enough  to 
have  furnished  us  with  a  large  body  of  facts  ;  it  is  in  some  respects 
a  natural  district  complete  in  itself,  especially  as  containing  one  of 
the  principal  centres  of  plutonic  intrusions  ;  and  authorities,  who 
difier  widely  in  their  interpretation  of  what  is  seen  there,  have 
agreed  in  regarding  it  as  a  pattern  of  the  whole  region. 

One  aspect  of  the  subject  upon  which  we  have  not  yet  touched  is 
the  relation  subsisting  between  igneous  activity  and  difierential 
movements  of  the  earth's  crust,  regarded  as  the  expression  of  the 
forces  by  which  they  were  brought  about.  The  starting-point  of 
any  consideration  of  this  kin^  is  the  general  principle  that 
important  outbursts  of  igneous  activity  have  always  been  closely 
bound  up  with  great  crust-movemerUs  in  the  same  region  and,  in  a 
broad  sense,  of  the  same  age.  As  applied  to  the  European  area, 
this  principle  has  been  admirably  worked  out  by  M.  Marcel 
Bertrand.*      He  points  out  that  the  Tertiary  and  post-Tertiary 

*  Sur  la  diBtribution  g^ographique  des  roches  ^ruptives  en  Europe.     BuU^ 
8oc.  Geol  Fra,  (3),  vol.  xvi.,  pp.  573-617:  1888. 
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igneous  rocks  of  Central  and  Southern  Europe  stand  in  intimate 
relation  with  the  fudding  which  hafi  given  rise  to  the  Alpine  eystem 
oi  mountains.  At  the  some  time  ha  recognises  in  addition  an 
extrapAlpine  suite  of  Tertiary  eniptions,  including  tliose  of  the 
British  Isles,  which  form  -part  of  a  more  or  less  continuous  belt 
along  the  weatem  border  of  the  Old  World,  Bertrand  associates 
tbaee  also  with  cmst-moTemente,  but  with  movements  of  a  larger 
oirder  tJian  those  which  originated  tlie  Alps :  he  connec:ts  them  with 
the  depreesion  of  the  Atlantic  basin. 

While  this  commends  itself  as  a  general  conclusion  to  provisional 
ocoeptanoe,  it  moat  be  remembered  that  the  Alpine  system  of 
movements  was  felt  at  least  in  some  degree  in  England,  and  we 
camiot  assimie  that  the  Inner  Hebrides  lay  wholly  beyond  the 
pcasible  scope  of  minor  distnrbances  of  a  like  kind.  The  eSect  will 
tie  recognised  there,  if  at  all,  only  as  a  subordinate  factor  modi^ng 
the  operation  of  the  lai^er  one,  or,  it  may  be,  rising  locally  to  the 
"first  importance.  The  significance  of  this  point  lies  in  the  fact 
that  the  two  systems  of  movements  belong  to  different  types, 
ohuBcterised  by  different  manifestatious  of  igneous  activity.  The 
Atlantic  system  is  of  the  plidieati-buildtng  tvpe,  consisting  in 
differential  movements  in  the  vertical  sense,  which  express  them- 
selves in  monoclinal  Iblding  or  (as  in  onr  case)  faulting :  ibe  Aljane 
svBtem  is  of  the  momitain-Dnilaing  type,  involvihg  more  or  leu  cdF 
me  element  of  lateral  throst,  and  resolting  in  antadinal  foldinc 
or  (if  proceeding  to  on  adnutoed  stage)  iaodinal  folding  and 
reversed  &nlting.  In  the  Inner  Hebrides  we  seem  to  reoognise  not 
only  the  former  out,  in  an  early  stage  of  its  development,  uie  latter 
also ;  the  one  affecting  the  region  as  a  whole,  the  other  mating 
itself  apparent  in  certain  limit«d  districts.  To  the  former  belong 
the  voluminous  fissure-eruptions,  the  numerous  and  extensive  sill 
intrusions,  and  the  great  system  of  parallel  dykes:  to  the  latter 
belong  the  central  volcanic  outburst-a,  the  plutonic  intrusions 
forming  bosses  and  great  laccolites,  the  radial  and  other  special 
groups  of  dykes,  etc.  In  brief,  recalling  the  distinction  enforced 
in  former  chapters  between  regional  and  local  groups  of  intrusions 
in  our  area,  we  connect  these  with  the  regioncu  arid  local  systems  of 
crust-movements  respectively. 

We  may  conceive  the  crust  of  the  earth  in  the  British  area  as 
being  during  the  earlier  half  of  Tertiary  time,  or  at  frequent  epochs 
during  that  time,  in  a  state  of  strain  ;  and  both  crust-movements 
and  igneous  activity  may  be  regarded  as  attempts  to  relieve  that 
strain  and  restore  internal  equilibrium.  The  crustal  strain  was 
made  up  of  two  elements:  firstly  one  of  uniform  type  over  the 
extensive  region,  and  related  doubtless  to  events  of  a  large  order, 
such  as  the  Atlantic  depression  as  suggested  by  Bertrand ;  and 
secondly,- superposed  upon  the  first  in  certain  places  and  there 
becoming  paramount  at  certain  epochs,  systems  of  strain  related  to 
particular  centres  of  disturbance. 

Apart  from  possible  vertical  movements  affecting  the  whole  area 
a  and  not  to  be  detected  by  the  survey  of  a  small  tract, 
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the  regimial  strain  found  expression  in  faulting  and  monoclinal 
tilting  of  the  faulted  blocks.  But  these  were  not  the  first  nor  the 
last  events  falling  under  this  category.  The  normal  result  of  the 
condition  of  strain,  recurring  many  times,  was  the  formation  of 
sub-parallel  (N.W.  or  N.N.W.)  fissures,  in  which  molten  rock- 
magma  rose  forming  dykes  ;  and  in  the  earlier  part  of  the  time  these 
uprisings  of  magma  reached  the  surface  as  volcanic  eruptions.  K 
at  any  later  epoch  the  magma  again  found  exit  at  the  surface,  no 
evidence  of  this  is  preserved  in  Skye.  The  dyke-fissures,  of  all 
ages,  were  apparently  not  lines  of  difierential  vertical  movement : 
the  earlier  ones  at  least  are  never  connected  with  faults.  The 
faulting  and  tilting  of  the  tract  clearly  belong,  in  the  main  if  not 
wholly,  to  a  subsequent  epoch,  later  than  the  plutonic  phase,  and 
later  too  than  the  intrusion  of  the  great  gi^oup  of  sills ;  *  for  the 
sills  are  broken  by  the  faults  and  tilted  in  common  with  the  bedded 
rocks.  The  strain  then  was  relieved  first  by  the  uprise  of  molten 
magma  through  fissures  communicating  with  the  surface,  then 
by  the  uprise  of  magma  which  did  not  find  exit  but  was  injected 
along  bedding-planes ;  only  after  this  did  bodily  displacement  of 
solid  rock-masses  come  into  play  in  the  fonn  of  faulting  and 
tilting. 

One  point  which  is  perhaps  of  sufficient  interest  to  warrant  a 
short  digression  is  the  relation  of  the  Tertiary  crust-movements  to 
earlier  movements  in  ths  same  region.  Although  the  older  rocks  are 
concealed  over  the  greater  part  of  Skyo,  there  are  not  wanting 
indications  of  pre-Tertiary  movements  of  the  plateau-building  type, 
expressing  themselves  in  considerable  dislocations  with  the 
monoclinal  arrangement.  The  efiect  has  been  to  produce  a 
general  westerly  dip  with  normal  faults  throwing  down  to  the  east. 
The  most  important  of  these  pre-Tertiary  faults  actually  exposed  is 
that  which  our  colleague  Mr  Wedd  has  laid  down  along  the 
Abhuinn  nan  Leac  valley  and  east  of  the  Blaven  range.  In  the 
system  of  movements  thus  brought  to  light  we  seem  to  find  a 
foreshadowing  of  the  like  movements  which  have  subsequently 
afiected  the  Tertiary  rocks  themselves. 

This  point  comes  out  more  clearly  when  we  turn  from  regional 
crust-movements  to  those  which  belong  to  the  local  category. 
Between  the  time  of  the  great  post-Silurian  disturbances,  when  the 
Torridonian  strata  were  thrust  over  the  Cambrian,  and  the  Tertiary 
volcanic  period,  with  which  our  more  immediate  subject  begins, 
there  were  at  least  two  epochs  of  local  differential  elevation  in  Skye; 
one  anterior,  and  the  other  posterior,  to  the  deposition  of  the 
Triassic  and  Jurassic  strata.  In  both  cases  the  result  was  a  relative 
upheaval  of  what  are  now  the  mountain  districts. 

As  regards  the  pre-Triassic  elevation,  we  note  first  the  distribution 
of  the  Paleeozoic  rocks.  The  base  of  the  Mesozoic  in  Skye  rests 
usually  upon  the  Torridonian.     This  is  still  true  in  part  of  the  belt 

*  This  is  to  be  understood  as  iapplyiiig  to  the  regional,  not  to  the  local 
disturbances. 
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surrounding  the  gabbi-o  and  granite  iutruaions,  when  the  relations 
can  be  examined.*  When  we  come  to  the  eastern  Red  HiJls, 
liowever,  we  find  indications  that  at  some  places  the  upper  portion 
of  the  Torridonian  had  been  removed  prior  to  the  deposition  of  the 
Mesozoic  rocks,  and  at  other  places  clear  evidence  that  the  whole  of 
the  Torridonian  had  been  ao  removed.  The  Mesozoic  rocka  rest  on 
the  Cambrian  on  both  sides  of  the  Beinn  an  Dubhaich  anticline, 
showing  that  that  feature  is  in  part  of  pre-Mesozoic  date. 
The  arrangement  of  the  Mesozoic  rocks  themselves  aflbrds  similar 
evidence,  for  the  lower  members  of  the  succession  in  places  overlap 
one  another  in  the  direction  of  the  mountains.  This  again  is  most 
evident  in  the  eastern  part  of  the  district.  The  Triassic  con- 
glomerate at  the  baseis  well  developed  on  Raasay,  at  the  N.W.  comer 
of  Scalpay,  and  in  the  country  east  and  south  of  Broadford.  Paaeing 
westward  from  this  last  locality,  however,  we  find  that  between 
Beinn  an  Dubhaich  and  Glen  Boreraig  the  conglomerate  is  over- 
lapped by  the  Lower  Lias,  so  that  the  limestones  of  this  group,  and 
finally  the  succeeding  shales,  come  to  rest  on  the  Cambrian  Unie- 
stonea.  Farther  north  the  evidence  ia  very  fragmentary,  the 
boundaries  being  mostly  faulted ;  but  the  conglomerate  is  not  seen 
in  the  Beinn  na  Caillich  district,  and  evidently  dies  out  too  towarda 
Sligaclian.  Around  the  Cuillins  the  relations  are  almost  every- 
where concealed  below  the  basalts,  and  in  places  below  sea-level, 
llie  Trias  conglomerate  appears  as  a  very  small  patch  on  the  shore 
of  the  Sound  of  Soay,  but  is  immediaticly  overlapped  by  the  Lias. 
Summarily,  we  see  that  there  was  a  certain  amount  of  elevation  in 
pra-Triassic  times,  which  may  have  affected  in  some  degree  the 
whole  of  the  mountain  district  of  Skye,  but  was  at  least  most 
marked  in  the  eastern  part  of  the  district,  where  at  a  later  epcwh 
occurred  the  boas-formed  Tertiary  intrusiona,  themselves  attended. 
by  local  uplifts. 

By  like  evidence  we  can  prove  local  elevation  of  the  same  general 
character  at  some  epoch  post-Jurassic  but  pre-Tertiary,  or  at  least 
anterior  to  the  oldest  Tertiary  rocks  of  Skye.  The  fact  that  the 
volcanic  group  rests  on  different  formations  in  different  places  is 
of  course  attributable  mainly  to  the  regional  system  of  disturb- 
ances (with  concurrent  erosion),  but  local  elevations  in  what  is  now 
the  mountain  tract  are  also  clearly  indicated.  As  we  travel 
towards  the  mountains,  e.g,  southward  from  Portree  or  northward 
and  westward  from  Strathaird,  we  find  that  the  Tertiary  volcanic 
rocks  rest  first  on  the  Oolites,  then  on  the  Lias.  Still  nearer  to 
the  mountains,  e.g.  on  the  shores  of  the  Sound  of  Soay,  they  pass 
from  the  Lias  to  the  Torridonian.  To  the  north  of  Beinn  na 
Caillich  the  basaltic  lavas  rest  on  the  lower  part  of  the  Torridon 
Sandstone.  On  the  site  cf  Beinn  na  Caillich  itself  we  find  that 
even  the  Torridonian  had  been  stripped  away  prior  to  the  volcanic 
epoch,  for  in  the  enclosed  patches  within  the  granite  the  lavas  are 
seen  lying  upon  the  Cambrian  limestones ;  first  upon  the  upper 
lase  of  the  Mesozoic  is  nowhere 
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and  then  upon  the  lower  of  the  zones  of  limestone  present  in  the 
district.  We  infer  that  in  this  case  too  the  elevation  was  most 
marked  in  that  part  of  the  area  where  subsequently  occurred  the 
boss-formed  intrusions  with  their  attendant  upliift.  Whether  such 
post-Jurassic  but  pre-Volcanic  elevation  belongs  to  a  single  epoch 
or  to  two  distinct  epochs,  one  Mesozoic  and  the  other  post- 
Mesozoic,  we  are  not  able  to  decide.  Cretaceous  strata  have  been 
detect^ed  at  two  places  near  the  border  of  the  plutonic  intrusions, 
viz.  by  Mr  Clough  on  the  Sound  of  Soay  and  by  Mr  Wedd  in  the 
southern  part  of  Scalpay,  and  they  rest  unconformably  on  different 
members  of  the  Jurassic ;  but  these  relics  are  of  too  fragmentary 
a  nature  to  decide  the  question. 

The  correspondence  between  crust-movements  of  different  dates 
becomes  very  apparent  where  the  disturbance  of  the  strata  has 
taken  the  form  of  definite  folds,  as  is  partly  the  case  in  the  eastern 
portion  of  central  Skye.  The  clearest  instance  is  seen  in  the 
curved  anticline  of  Ben  Suardal  and  Beinn  an  Dubhaich.  Here 
the  Cambrian  and  the  overlying  Torridonian,  with  the  surface  of 
overthrust  dividing  them,  are  thrown  into  a  sharp  anticlinal  fold. 
This,  as  we  have  seen,  is  partly  of  pre-Triassic  age.  The  Mesozoic 
strata,  however,  on  the  two  flanks  of  the  ridge  also  dip  away  from 
the  axis,  though  at  lower  angles,  proving  a  later  folding  on  the  same 
line.  Possibly  some  part  of  this  later  folding  was  accomplished  at 
the  time  when  the  granite  was  intruded  as  an  elongated  boss  in  the 
001*0  of  the  anticline,  but  it  seems  in  the  main  to  have  antedated 
the  volcanic  outbursts.*  We  se«  then  that  at  this  place  there 
has  been  anticlinal  folding  on  the  same  axis  at  two  (or  more  pro- 
bably three)  widely  separated  epochs.  The  tendency  of  later  fold- 
ing to  follow  the  same  lines  as  earlier  folding  in  a  given  district 
seems,  according  to  Bortrand  f  and  others,  to  be  a  law  of  consider- 
able generality. 

In  Tertiary  times  there  were  repeated  disturbances  of  the  earth's 
crust  at  the  old  centres  which  seem  to  have  been  more  or  less 
clearly  marked  out  before  the  close  of  the  Palaeozoic  era ;  but  these 
disturbances  were  now  closely  bound  up  with  successive  episodes 
in  the  igneous  activity  of  the  Skye  focus.  The  nature  of  this 
relation,  involving  the  question  of  how  far  the  disturbances  were 
the  cause,  how  far  the  consequence  of  the  igneous  eruptions,  is  a 
subject  not  to  be  discussed  here.  In  the  most  general  view  we 
may,  as  suggested,  regard  the  two  classes  of  events  as  alike  the 
effects  of  a  common  set  of  causes. 

We  turn  now  from  tectonic  to  petrographical  considerations. 
Assuming  all  the  Tertiary  igneous  rocks  of  Skye  to  belong  to  one 
connected  suite,  we  must  suppose  them  to  have  had  in  some  sense 

''^The  bedded  volcanic  rocks  have  been  removed  by  erosion  from  this 
neighbourhood.    The  nearest  lavas  rest  on  the  grits  of  the  Lower  Lias. 

tSee  especially  M.  Bertrand,  Sur  la  continuity  du  ph^nom^ne  de 
plissement  dans  le  bassin  de  Paris,  BuU.  Soc.  04ol,  Fra,  (3),  vol.  xx., 
pp.  118-165 ;  1892. 
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a  common  origin ;  am!  the  simplest  form  of  this  hypothesis  is  that 
which  regards  thtf  various  rocka  as  products  of  "differentiation" 
from  one  common  stock,  viz.  a  large  body  of  flaid  rock-magma 
initially  of  uniform  eompoaition  and  occupying  an  intercrustal 
reservoir  at  some  unknown  but  probably  very  considerable  distance 
beneath  the  surface.  Such  a  hypotheaia  is  not  susceptible  of 
deductive  proof,  but  it  is  in  liarmony  with  conceptions  now  very 
prevalent  among  petrologiste,  and  it  will  be  provisionally  adopted 
here  as  the  atarting-point  for  what  follows. 

The  first  and  most  obvious  point  concerning  this  initial  homo- 
geneous magma  ia  that  it  must  have  been  of  thoroughly  basic 
compositiou,  at  least  if  it  is  faii-ly  represented  by  the  rocks  brought 
to  light  by  erosion.  Those  which  play  the  most  important  part  as 
regarda  bulk  are  the  basalt  lavas  and  associated  dolerite  silla.  If 
for  the  purpose  of  a  very  rough  estimate  we  suppose  these  to  make 
up  three-fourths  of  the  whole,  and  to  be  in  equal  amount,  and  if 
we  divide  tlie  remaining  quarter  equally  between  gabbro  and 
granite,  then,  on  the  basis  of  analyses  already  given,  we  find  the 
mean  composition  of  the  whole  to  be  that  given  below  in  column  I. 
It  ia  clear  that  by  altering  in  any  reasonable  manner  the  estimated 
proportiona  of  the  several  rocks,  by  allowing  for  the  peridotitea 


and  the  dykes,  etc., 


ery  material  diflerence  would  be  made  in 
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I.  Mean  composition  of  Tei-tiary  igneous  rocks  of  Skye,  calculated 

from  3  parts  basic  lavas,  3  parts  basic  sills,  I  part  gabbro,  and 
1  part  gi-anite. 

II.  The  same  from  the  mean  of  23  analyses  taken  without  selection. 
III.  Mean  composition  of  British  igneous  rocks  of  all  ages,  for  com- 

parison,  being  the  avei-age  of  536  analyses  taken  without 
selection.  The  Fe^O^  is  too  high,  and  the  FeO  too  low,  the 
total  iron  having  in  many  of  the  analyses  b«en  estimated  as 
ferric  oxide. 


the  result.     Or  if  we  simply  calculate  the  mean  of  such  analyses  as 
we  possess  of  the  rocks,  without  selection,*  we  get  practically  the 

*  One  only  has  been  omitted,  viz.  that  of  a  thin  ultrabasic  "achliere" 
in  the  banded  gabbroa,  analysed  on  account  of  its  peculiar  composition, 
but  not  representing  an;  important  rock-moBB. 
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same  result  (11.).  For  comparison  we  give  in  column  III.  what 
may  be  taken  as  the  mean  composition  of  British  igneous  rocks  in 
general,  calculated  from  a  large  number  of  analyses.*  The  great 
preponderance  of  basic  types  among  the  Tertiary  igneous  rocks  is 
true  not  only  of  Skye,  but  of  the  other  Western  Isles,  with  Antrim, 
and  of  the  much  larger  region  of  which  the  British  area  is  only  a 
fragment. 

Another  point  in  the  general  petrography  of  the  suite  of  rocks 
is  that  they  belong  entirely  to  one  of  the  two  great  branches  of 
igneous  rocks,  viz.  to  what  Iddings  styles  the  "  Sub -alkali "  as 
distinguished  from  the  "Alkali"  Group.  This  appears  in  the 
analyses  and  equally  in  the  mineral  composition  of  the  rocks. 
Types  rich  in  alkali-felspars,  without  free  silica,  are  of  very  excep- 
tional occurrence ;  the  **  felspathoid "  minerals,  viz.  leucite, 
nepheline,  sodalite,  and  primary  analcime,  are  almost,  if  not  quite, 
unrepresented t;  and  an  alkali-bearing  amphibole  is  known  from 
but  one  place  in  Skye  and  one  other  occurrence  among  British 
Tertiary  rocks. 

K  the  entire  suite  of  rocks  has  originated  from  a  common  stock- 
magma,  once  homogeneous,  we  have  to  recognise  that  here  typical 
acid  rocks,  such  as  granites,  have  been  derived  by  processes  of 
differentiation  from  a  basic  magma.  Further  the  differentiation 
which  gave  these  acid  rocks  was  completed,  as  regards  some  portion 
at  least  of  the  magma,  at  a  very  early  stage  ;  indeed  at  an  epoch 
antedating  any  known  intrusion  or  extrusion  in  the  area.  This  is 
proved  by  the  oldest  of  all  the  igneous  rocks  dealt  with  above,  viz. 
those  which  supplied  fragments  to  the  volcanic  agglomerates  of  the 
earliest  outbursts.  We  have  already  seen  that  the  material  of  the 
agglomerates  in  certain  parts  of  the  island  indicates  the  prior 
existence  of  both  gabbros  and  granites  which  have  not  anywhere 
been  brought  to  light  as  rock-masses.  These  rocks  must  have  been 
consolidated  either  in  some  part  of  the  primitive  reservoir  itself  or 
as  intrusions  from  that  reservoir  at  lower  horizons  than  those  of 
any  rocks  exposed  in  the  district.  The  acid  rock,  or  part  of  it, 
must  have  been  in  some  sense  intrusive,  for  some  of  the  gabbro 
fragments  are  traversed  by  granite  veins ;  but  this  might  conceiv- 
ably happen  within  the  original  reservoir  itself. 

Acid  rocks  more  or  less  closely  resembling  in  composition  the 
granite  fragments  in  the  agglomerates  have  been  extruded  or 
intruded  within  our  area  at  several  distinct  epochs  during  the 
succeeding  events.      In  proof  of  this  we  may  adduce  the  local 

*  See  Harker,  On  the  Average  Composition  of  British  Igneous  Rocks, 
Geol.  Mag,,  1899,  pp.  220-222.  The  figures  here  given  are  calculated  in 
the  same  way,  but  include  additional  analyses. 

t  Nepheline  is  stated  to  be  present  in  a  thick  sill  in  the  Shiant  Isles 
(Heddle,  MinerdLofjy  of  Scotland,  vol.  ii.,  p.  46 ;  1901),  and  analcime  occurs 
in  a  sill  in  the  south  of  Arran  (Corstorphine,  Tsch.  Min.  Petr,  Mitth.  (N.S.), 
vol.  xiv.,  p.  464 ;  1895).  This  latter  mineral  was  regarded  by  the  author 
named  as  secondary  after  nephehne,  but  to  the  present  writer  it  seems  more 
probably  a  primary  constituent  of  the  rock  :  see  Geol.  N,  Arran,  Mem.  Geol. 
Sur.  ;Scot,  pp.  112-114;  1903. 
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rhyolitic  eruptions,  the  granite  and  granophyre  intrusions  of  the 
Red  Hills,  and  the  later  granophyric  and  felsitic  dykes,  etc;  to 
which  may  be  added  the  xenoliths  and  xenocrysts  of  acid  material 
enclosed  in  certain  groups  of  basic  dykes,  such  as  those  of  the 
Suardal  district.  This  recurrence  of  similar  rock-types  within  a 
given  area  points  to  one  of  two  explanations  as  a  priori  possible. 
Either  differentiation  has  operated  along  identical  lines,  at  the  same 
centre,  at  wide  intervals  of  time ;  or  a  considerable  body  of  acid 
magma,  separated  at  a  very  early  stage,  has  remained  throughout 
the  whole  time  as  an  available  source,  which  has  been  drawn  upon 
at  several  distinct  epochs.  We  may  conceive  this  body  of  acid 
magma,  or  rather  the  unexhausted  portion  of  it  at  any  time,  as 
contained  within  the  primitive  magma-basin  or  reservoir,  and  may 
farther  suppose  a  part  or  the  whole  of  it  to  have  been  consolidated 
and  re-fused  more  than  once  in  that  situation.  Of  the  two 
alternatives,  the  latter,  as  thus  qualified,  has  the  advantage  of 
simplicity,  and  is  more  in  accordance  with  some  of  the  special 
phenomena  observed.  It  is  probable,  however,  that  we  must  further 
modify  our  conception  by  supposing  that  the  processes  which  gave 
birth  to  the  acid  magma,  though  completed  within  a  certain 
limited  portion  of  the  deep-seated  reservoir  at  a  very  early  epoch, 
enlarged  those  limits  progressively  during  later  stages.  The  granite 
fragments  in  the  volcanic  agglomerates,  the  granite  and  grano- 
phyre intrusions  of  the  Red  Hills,  the  later  acid  dykes,  and  the 
acid  xenoliths  in  the  later  basic  dykes  indicate  a  gradual  extension 
of  the  area  involved  from  stage  to  stage. 

Although  we  have  appealed  primarily  to  the  distribution  in  time 
and  space  of  the  acid  rocks,  we  might  draw  confirmatory  testimony 
from  other  rock-types.  Especially  is  this  seen  when  we  consider 
together  the  gabbro  and  the  granite,  rocks  which  in  any  view  must 
be  regarded  as  of  closely  cognate  origin.  We  have  already  pointed 
out  that  the  fragments  of  these  rocks  in  the  basal  agglomerates 
show  a  certain  defined  areal  distribution,  which  is  in  remarkable 
agreement  with  that  of  the  later  and  somewhat  more  extended 
plutonic  intrusions  of  like  rocks.  This  seems  to  indicate  a  certain 
differentiation  and  separation  in  a  lateral  or  horizontal  sense,  as 
between  the  gabbro  and  the  granite,  outlined  at  a  very  early  time 
but  persisting  later.  It  is  clearly  traceable  throughout  the  succeed- 
ing phase  of  minor  intrusions. 

We  have  then  good  reasons  for  supposing  that  differentiation  to  an 
advanced  degree  was  effected  in  a  part  of  the  parent-magma  of  our 
rocks  at  a  very  early  time  in  the  Tertiary  history  of  the  region, 
and  that  rocks  or  rock-magmas  of  basic  and  acid  composition 
coexisted  throughout  a  very  long  period  in  different  parts  of  a 
deep-seated  reservoir  underlying  the  area ;  these  being  at  certain 
times  solid  rocks,  at  other  times  fluid  simultaneously  or  almost 
simultaneously,  or  perhaps  solid  in  parts  of  the  reservoir  and  fluid 
in  other  parts.  Such  a  hypothesis,  suggested  by  the  simpler  and 
more  obvious  relations  of  the  rocks,  is  greatly  strengthened  by  a 
consideration  of  some  of  the  more  peculiar  phenomena,  such  as  the 
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occurrence  of  composite  intrusive  masses  and  mixed  rocks,  and 
the  great  profusion  of  xenoliths  in  several  groups  of  intrusions. 
These  special  features  must  undoubtedly  be  regarded  as  highly 
characteristic  of  the  great  suite  of  igneous  rocks  under  discussion, 
and  we  are  in  this  view  able  to  correlate  them  with  general 
features,  equally  characteristic,  which  indicate  that  the  principal 
differentiation  was  in  great  part  effected  at  a  very  early  stage. 
Further  differentiation  doubtless  went  on,  both  in  the  parent 
magma  and  in  "partial"  magmas  drafted  from  it,  at  later  stages; 
but  on  the  whole  the  progressive  march  of  differentiation  is  much 
less  marked  here  than  in  many  other  connected  suites  of  igneous 
rocks  which  might  be  cited. 

The  successive  episodes  which  make  up  the  history  of  Tertiary 
igneous  activity  in  Britain  will  not  fall  into  their  places  as  parts 
of  a  connected  whole  unless  we  take  into  account  the  areal  dis- 
tribution, as  well  as  the  sequence  in  time,  of  the  several  groups  of 
rocks.  Certain  groups  are  not  connected  with  any  special  centre, 
but  have  a  very  wide  distribution,  coextensive  perhaps  in  some 
cases  with  the  limits  of  the  **Brito-Icelandic  province"  itself. 
Other  groups  are  more  narrowly  restricted  in  space,  and  stand 
related  to  defined  foci  of  activity,  one  of  which  was  situated  in  the 
central  part  of  Skye.  This  Skye  focus,  which  may  doubtless  be 
taken  as  a  type  of  others  in  the  province,  was  initiated  at  a  very 
early  epoch,  prior  to  the  outbreak  of  vulcanism.  Once  est^iblished, 
it  became  the  seat  of  renewed  activity  at  numerous  epochs  during 
the  succeeding  time.  These  local  manifestations  culminated  in  the 
plutonic  phase  of  activity,  when  outbursts  of  the  regional  kind 
seem  to  have  been  in  abeyance :  the  succeeding  minor  intrusions 
connected  with  the  focus  give  evidence  of  waning  energy. 

We  have  already  emphasised  this  distinction  between  regional 
and  local  groups  of  igneous  rocks  in  our  area  in  connecting  them 
respectively  with  the  two  different  types  of  crust-movements. 
The  distinction  is  no  less  significant  from  the  petrographical  point 
of  view,  for  the  rocks  belonging  to  the  local  groups  collectively 
present  a  much  greater  range  of  variety  than  those  which 
have  a  regional  extension.  The  relation  between  localisation  and 
specialisation  is  much  too  striking  to  be  regarded  as  accidental, 
and  it  clearly  proves  that  the  distinct  foci  at  which  activity  was  from 
time  to  time  localised  were  also  the  principal  centres  <^  magmatic 
dijferentiation.  While  the  rocks  of  the  regional  series  are  all  of 
basic  composition,  with  a  range  of  less  than  2  in  the  silica- 
percentages  of  specimens  analysed,  those  of  the  local  series  vary 
in  different  groups  from  ultrabasic  to  highly  acid.  Some  dif- 
ferentiation there  doubtless  was  in  the  former  series;  but  the 
analyses  already  given  show  a  much  closer  resemblance  in  com- 
position among  the  basic  lavas,  sills,  and  dykes  of  regional 
distribution  than  among  the  local  groups  of  basic  rocks,  such  as 
the  gabbros,  the  dykes  of  the  Beinn  Dearg  type,  and  the  inclined 
sheets  of  the  Cuillins. 
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This  fundamental  distinction  must  be  borne  in  mind  in  the 
general  review  of  the  sequence  of  events  to  which  we  now  proceed. 
As  regards  certain  of  these  events,  the  great  region  or  **  province  *' 
may  be  treated  as  a  unit ;  as  regards  others,  it  must  be  viewed  as 
an  assemblage  of  distinct  foci,  at  each  of  which  development 
followed  the  same  general  lines.  Episodes  affecting  the  whole 
region  alternated,  and  sometimes  partly  synchronised,  with  others 
related  to  the  special  foci ;  and  the  discrimination  of  these  two 
'parallel  series  is  essential  to  a  proper  understanding  of  the 
sequence. 

Here,  as  in  numerous  other  areas  and  at  various  geological 
periods,  igneous  activity  has  manifested  itself  successively  under 
three  different  phases ,  the  Volcanic,  the  Plutonic,  and  the  "  Dyke 
Phase,"  or  as  we  prefer  to  call  it  (in  view  of  the  important  part 
played  by  sills)  the  Phase  of  Minor  Intrusions.  The  epithet 
"minor"  must  be  understood  as  applying  to  the  individual 
intrusions,  for  the  sills  of  the  great  group  collectively  surpass  in 
volume  all  the  plutonic  masses.  The  three  phases  indicated 
embrace  the  actual  manifestations  of  igneous  activity  in  the  form 
of  extrusions  and  intrusions :  as  preface  or  prologue  to  the  whole 
we  may  reckon  those  preparatory  deep-seated  operations,  which 
are  matters  of  speculation  only,  and  have  in  part  been  briefly 
glanced  at. 

The  earliest  overt  act,  ushering  in  the  volcanic  phase,  was  of  the 
local  category,  and  consisted  in  the  opening  of  several  large 
volcanic  vents  within  a  limited  area  in  the  central  part  of  the 
island.  The  eruptions  were  of  a  violently  explosive  kind,  and  the 
vents,  enlarged  by  successive  outbursts,  attained  in  some  cases 
diameters  of  a  mile  or  two  miles.  Only  in  one  instance  is  the 
actual  funnel  now  exhibited,  cutting  through  the  older  stratified 
rocks  ;  and  here  the  structure  is  that  of  a  sharp  anticline,  with  the 
vent  breaking  through  the  arch.  The  material  which  fills  the  vents 
and  extends  for  some  little  distance  beyond  them  is,  as  regards  its 
volcanic  element,  of  basic  composition  ;  but  there  are  abundant 
fraij^ments  of  the  disrupted  country  rocks  and,  in  the  heart  of  the 
district,  debris  of  plutonic  rocks,  probably  consolidated  within  the 
deep-seated  magma-basin.  At  this  earliest  epoch  then  our  area 
could  boast  great  volcanoes,  a  feature  repeated  only  in  a  single 
instance  in  the  ensuing  time.  There  can  be  little  doubt  that  the 
eruptions  were  subaerial,  the  land  standing  higher  above  sea  level 
than  at  present,  and  this  state  continued,  ])robably  not  without 
considerable  oscillations  of  level,  throughout  nearly  the  whole  of 
Tertiary  time. 

The  much  more  important  eruptions  which  followed  had  a  regional 
extension,  and  illustrated  a  totally  different  type  in  the  mechanics 
of  vulcanicity.  They  took  the  form  of  tranquil  outpouring  of  lava 
in  innumerable  small  flows  emanating  from  a  system  of  parallel 
fissures  ;  and  by  prolonged  extravasation  of  this  kind  a  thick  pile 
was  built  up  over  a  vast  extent  of  country,  of  which  the  plateaux 
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of  Skye  are  but  a  fragment.  In  many  other  regions  of  volcanic 
activity,  of  various  geological  periods,  a  regular  succession  is  to  be 
traced  among  the  various  types  of  lavas  erupted,  connecting  itself 
with  the  hypothesis  of  progressive  differentiation  in  a  subterranean 
magma-basin.  Thus,  as  Iddings  has  pointed  out,  a  common 
sequence  is  one  beginning  with  intermediate  lavas  and  continuing 
with  types  on  the  one  hand  more  basic  and  on  the  other  hand 
more  acid ;  i.e.  showing  an  increasing  divergence  in  opposite 
directions  from  the  initial  type.  In  our  area  the  initial  magma 
was  not  an  intermediate  but  a  basic  one,  and  no  wide  departure 
from  it  on  systematic  lines  is  found.  The  pyroxene-andesites 
intercalated  among  the  prevalent  basalts  do  not  indicate  any 
ordered  sequence.  It  is  interesting  to  note  that  with  this  great 
outpouring  of  lava  there  were  during  the  earlier  part  of  the  time 
a  few  small  outbursts  of  the  explosive  type,  and  that  these  were 
more  frequent  and  continued  later  in  the  immediate  neighbourhood 
of  the  focus  of  central  Skye. 

At  one  place  on  the  border  of  the  central  district  there  was,  as 
we  have  seen,  an  outburst  of  the  local  series,  and  a  central  volcano 
was  formed  (Chapter  V.).  With  this  there  was  a  resumption  in 
part  of  the  paroxysmal  type  of  eruption.  The  products  of  this 
volcano  were  petrographically  in  strong  contrast  with  the  contem- 
poraneous lavas  of  the  regional  series,  exhibiting  very  considerable 
variety  with  progressive  change.  They  were  first  trachytic  (and 
andesitic)  and  afterwards  rhyolitic.  Taking  into  account  the  earlier 
local  outbursts  of  basaltic  nature,  we  have  here  an  order  of  increasing 
acidity. 

If  any  special  circumstances  attended  the  extinction  of  regional 
volcanic  activity,  the  record  is  in  this  respect  imperfect,  for  the 
summit  of  the  basalt  group  has  everywhere  been  removed  by 
erosion.  The  volcanic  phase  was  sharply  marked  off  from  that 
which  succeeded,  but  the  phenomena  of  metamorphism  in  the 
basalts  suggest  that  the  interval  was  not  one  of  long  duration. 

In  the  plutonic  phase  regional  activity  was  wholly  in  abeyance. 
Skye  now  became  more  clearly  defined  as  a  natural  district, 
containing  as  it  did  one  of  the  foci  at  which  igneous  energy  was 
exclusively  concentrated.  This  was  included  in  the  central  part  of 
the  island,  which  had  already  experienced  the  local  outbursts  of  the 
volcanic  phase.  Other  centres  were  comprised  in  the  neighbouring 
parts  of  Britain,  the  nearest  being  some  fifteen  miles  distant,  in 
what  is  now  the  Isle  of  Rum  (Fig.  1 ,  p.  3).  The  events  of  the  plutonic 
phase  fall  into  three  well  marked  stages,  characterised  by  ultra- 
basic,  basic,  and  acid  intrusions  respectively.  The  law  of  succession 
indicated,  that  of  decreasing  basicity  or  increasing  acidity,  is  one 
very  general  among  associate  plutonic  rocks  of  all  ages  throughout 
the  world. 

The  ultrabasic  magma  was  intruded  in  the  south-western  part  of 
the  central  area.  It  rose  through  fissures,  and  formed  a  number 
of  laccolitic  masses,  the  largest  of  which  was  at  least  2|  miles  in 
2c 
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diameter  and  1500  feet  in  thickness.  The  most  striking  feature  is 
extreme  complexity  of  structure.  The  rock-types  represented 
range  from  troctolite,  through  picrit^,  to  dunite,  and  even  to 
seams  of  pure  picotite ;  and  these  have  been  intruded  in  part 
simultaneously,  so  that  they  alternate  in  bands,  in  part  successively, 
so  that  a  later  rock  veins  an  earlier  or  is  crowded  with  debris  of  it. 
The  intimate  association  of  these  rocks  proves  that  they  come 
from  a  common  stock,  viz.  the  general  peridotite  magma  of  the 
district.  This  being  itself  a  product  of  differentiation,  the  rock-types 
met  with  must  result  from  differentiation  of  a  subsidiary  order, 
and  the  great  range  of  variety  compassed  in  this  way  seems  to 
be  characteristic  of  ultrabasic  magmas. 

The  peridotites  were  succeeded,  apparently  with  little  or  no 
interval,  by  intrusions  of  gabbro,  which  were  of  much  greater 
volume  and  affected  a  much  larger  area  of  central  Skye.  They 
assumed  partly  the  laccolitic,  partly  the  boss-form.  The  mechanical 
conditions  which  determined  one  or  the  other  habit  were  probably 
complex.  We  have  already  given  reasons  for  believing  that  the 
form  of  the  boundary  of  a  large  intrusive  body  depends  in  part 
upon  the  nature  of  the  country  rock;  but  the  distribution  of  crustal 
strain  must  also  have  been  an  important  factor,  and  perhaps  the 
prime  one.  It  is  very  noticeable,  in  both  gabbro  and  granite,  that 
the  laccolitic  habit  prevails  to  the  west  and  the  boss-like  to  the 
east,  the  latter  being  the  quarter  in  which,  as  we  have  shown,  the 
strain  was  most  narrowly  localised  and  most  strongly  accentuated. 
We  have  shown  that  the  plutonic  intrusions  cannot  be  considered 
as  in  any  sense  representing  the  cores  of  volcanoes.  The  gabbro 
has  no  connection  with  the  basaltic  lavas  other  than  the  remote 
one  of  an  ultimate  common  origin  from  the  same  great  magma- 
reservoir.  Nor  does  it  extend  indefinitely  downwaiTl  with  plug-like 
habit  or  with  a  spreading  form,  althous^li  one  intrusion  has  for  a 
certain  vertical  distance  assumed  the  shape  of  a  boss  with  per- 
pendicular walls. 

The  most  important  body  of  gabbro  is  that  from  which  the 
Cuillins  and  the  Blaven  rancre  have  been  carved  out.  Here  the 
magma  has  risen  through  fissures  and  spread  in  laccolitic  fashion 
in,  or  in  places  a  little  below,  the  basalt  lavas.  The  horizon  is  not 
very  different  from  that  affected  by  the  chief  ultrabasic  intnisions, 
and  most  of  the  peridotites,  as  well  as  numerous  lenticles  of  the 
volcanic  rocks,  have  been  enveloped  by  the  gabbro.  The  great 
laccolite  had  a  diameter  perhaps  not  less  than  10  miles  and  a 
thickness  of  over  3000  feet.  The  shape  of  its  base,  as  displayed 
diagrammatically  on  the  sketch-map  (Fig.  15,  p.  36),  shows  (i.)  a 
general  inclination  towards  the  centre;  (ii.), modifying  the  preceding, 
a  general  inclination  to  S.  or  S.S.E. ;  (iii.),  exaggerating  this,  a  sharp 
rise  at  the  X.X.W.  border,  about  Bruach  na  Frithe ;  and  (iv.) 
another  sharp  rise  on  the  N.P].  side,  where  part  of  the  laccolite  is 
missing.  This  last,  being  apparently  connected  with  the  granite 
intrusion  of  Marsco,  etc.,  must  be  considered  the  result  of 
subsequent  deformation  :  the  other  features  seem  to  belong  mainly 
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to  the  epoch  of  the  gabbro  itself,  and  to  be  connected  with  the 
circumstances  of  its  intrusion.  The  inward  inclination  of  the  base 
may  be  interpreted  as  indicating  a  settling  down  of  the  floor,  at  the 
time  of  the  intrusion,  to  close  the  space  which  would  otherwise 
have  been  left  at  some  depth  below  by  the  abstraction  of  the 
magma  from  its  reservoir.  If  this  be  so,  the  intrusion  need  not 
have  occasioned  any  important  uplift  of  the  basaltic  lavas  which 
formed  its  roof.  The  general  inclination,  to  S.  or  S.S.E.,  which 
mo<lifies  the  general  inward  slope  of  the  base  and  throws  the  area 
where  the  gabbro  is  below  sea-level  towards  that  direction,  is  also 
an  original  feature,  not  due  to  subsequent  tilting.  The  base  of  the 
basalts,  which  is  very  near  sea-level  at  Loch  SUgachan  and  Loch 
Harport,  and  presumably  so  between  those  places,  comes  to  the 
sea-level  also  at  Loch  Scavaig ;  but,  while  the  thickness  of  basalt 
below  the  gabbro  is  great  on  the  north  and  north-west  sides  of  the 
Cuillins,  it  is  very  small  on  the  south  side,  and  disappears  altogether 
at  places  near  Blath-bheinn.  The  laccolite  then  has  for  some 
reason  made  its  way  in  a  direction  related,  not  to  the  horizontal 
plane,  but  to  a  plane  inclined  towards  S.  or  S.S.E.  The  high 
altitude  of  the  base  of  the  gabbro  on  Bruach  na  Frithe,  though 
partly  connected  with  this  general  inclination,  is  due  in  part  to 
the  dying  out  of  the  lower  component  sheets  of  the  laccolite  towards 
the  boundary.  It  may,  however,  be  more  than  an  accident  that 
the  rise  coincides  very  closely  with  the  site  of  the  old  trachytic  and 
rhyolitic  volcano. 

The  laccolite  was  built  up  by  a  multitude  of  distinct  injections, 
which  differed  somewhat  in  composition,  though  not  in  this 
respect  rivalling  the  peridotites.  It  is  clear  that  in  many  instances 
a  single  intrusion  has  included  various  kinds  of  magma,  which  did 
not  mingle,  but  have  often  been  drawn  out  into  a  banded  or 
ribboned  arrangement.  From  a  chemical  point  of  view  the 
subsidiary  differentiation  thus  indicated  did  not  always  follow  the 
same  lines.  In  particular  the  extreme  basic  modifications  show  a 
special  enrichment  or  ''  concentration ''  in  some  cases  of  magnesia, 
in  others  of  iron-oxides  and  titanic  acid.  Both  differ  again  from 
the  special  chrome-iron-alumina  concentrations  of  the  peridotite 
magma.  All  this  differentiation  seems  to  have  been  effected  prior 
to  intrusion :  of  differentiation  in  place  there  is  little  clear 
indication  except  in  the  "  segregation  veins."  The  comparatively 
uniform  character  of  the  gabbro  of  the  Broadford  boss  is  in  accord 
with  this,  and  we  may  note  a  contrast  with  some  occurrences  of 
gabbro  in  other  regions,  e.gr.  that  of  Carrock  Fell  in  Cumberland. 
If  again  there  was  any  progressive  change  in  the  average 
composition  of  successive  injections  of  gabbro -magma  in 
the  Cuillin  laccolite,  such  change  must  have  been  confined 
within  much  narrower  limits  than  the  variation  set  up  in 
individual  injections  by  the  subsidiary  differentiation,  and  it  is 
thus  difficult  to  verify.  It  comes  out  clearly  only  in  the  latest 
incident  of  the  gabbro  stage,  which  was  the  injection  of 
various   aplitic  and   felspathic  veins   of  relatively  acid  composi- 
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tion,  carrying  out  the  general  law  of  increasing  acidity  among 
our  plutonic  intrusions. 

That  in  some  parts  of  our  area  no  interval  of  quiescence  divided 
the  gabbro-stage  from  the  succeeding  granite-stage  is  sufficiently 
proved  by  the  phenomena  described  on  Marsco.  We  may  consider 
the  dividing-epoch  to  be  accurately  marked  by  the  intrusions  of 
marscoite,  representing  a  gabbro-magma  modified  before  (and  in 
places  after)  intrusion  by  granite  material. 

The  granite,  like  the  gabbro  and  presumably  for  the  same 
reasons,  assumed  the  laccolitic  habit  in  the  west  and  the  boss-form 
in  the  east.  In  the  former  case  it  was  intruded  partly  beneath 
and  into  the  gabbro,  which  it  lifted  and  partially  invaded ;  but 
apart  from  this  overlapping,  the  granite  is  found  to  the  north- 
east of  the  gabbro,  i.e,  on  the  side  away  from  the  peridotite, 
indicating  a  displacement  of  the  seat  of  activity  in  a  north- 
eastward direction  from  stage  to  stage  in  the  plutonic  phase. 
Regarding  all  the  plutonic  rocks  as  derivatives  from  a  common 
stock-magma,  we  may  perhaps  see  in  this  distribution  a  sign  of 
difierentiation  in  the  horizontal  sense,  and  connect  it  with  the  fact 
that  the  granite  itself  seems  to  grow  somewhat  more  acid  towards 
the  north-east  and  east.  We  may  recall  too  that  in  the  gabbro 
laccolite  the  relatively  acid  aplitic  and  felspathic  veins  are  found 
chiefly  in  the  eastern  and  north-eastern  part. 

The  actual  form  of  the  large  body  of  granite  and  granophyre 
cannot  be  made  out  with  any  precision,  in  the  neighbourhood  of 
Marsco  and  Meall  Dearg,  where  it  was  doubtless  thick,  it  has 
occasioned  a  very  considerable  uplift  of  the  gabbro ;  while  in  the 
Blaven  range,  where  it  was  thinning  away,  it  has  assumed  the 
same  synclinal  fonn  as  the  gabbro  above.  The  granite  does  not 
maintain  the  laccolitic  or  sheet-like  liabit  with  the  same  regularity 
as  the  gabbro,  but  often  shows  a  frankly  transgressive  junction, 
especially  in  its  eastern  part.  Again,  though  it  has  luidoiibtedly 
been  built  up  by  distinct  injections,  these  are  less  numerous  than 
in  the  case  of  the  gabbro,  and  show  much  more  uniformity  of 
composition.  These  differences,  tectonic  and  petrographic,  must 
be  considered  characteristic  of  an  acid  as  contrasted  with  a  basic 
magma. 

The  boss-formed  masses  of  granite  and  granophyre  in  the 
eastern  part  of  central  Skye  exemplify  more  than  one  fashion  of 
intrusion.  The  Beinn  an  Dubhaich  granite  has  risen  through  the 
core  of  an  old  anticline,  and  presents  very  remarkable  relations  to 
the  dolomitic  limestones  which  it  intersects  (pp.  132-135).  The 
Kilchrist  granophyre  lias  found  its  way  up  the  sides  of  the  old 
volcanic  funnel  at  that  place.  The  larger  mass,  of  generally 
elliptic  outline,  wh/ch  forms  Beinn  na  Caillich  and  its  neigh- 
bours has  also  broken  through  on  the  edge  of  the  old  vent,  but 
eccentrically,  and  it  has  partly  invaded  the  earlier  boss  of  gabbro. 
That  igneous  activity  has  thus  been  localised  here  at  three  distinct 
epochs  is  not  surprising,  for  we  have  seen  that  this  spot  had  been 
a   special   centre   of  strain   (in    the   sense   generally   of  upward 
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pressure)  since  Palsoozoic  times.  It  is  further  interesting  to 
notice  that  the  strain  was  renewed  after  the  intrusion  of  the 
granite  boss,  and  was  only  relieved  by  a  considerable  relative 
upheaval  at  a  later  time.  Owing  to  the  narrow  localisation  of  this 
upheaval,  and  perhaps  in  part  to  the  nature  of  the  surrounding 
rocks,  the  displacement  in  this  case  took  the  form  of  faulting. 
The  north-western  boundary  is  now  a  straight  fault  which  cuts 
off  the  granite  itself ;  and,  as  has  been  pointed  out,  this  fault  has 
its  maximum  throw  in  the  middle  part  of  it«  course  and  dies  out 
both  ways  at  or  near  the  boundary  of  the  granite,  thus  marking  its 
connection  with  a  vertical  elevation  of  the  granite  boss.  In 
its  semicircular  southern  half  the  boundary  of  the  granite  is  marked 
by  a  plexus  of  more  or  less  tangential  faults,  the  fracture  here 
having  occurred  nearly  along  the  junction  of  the  relatively 
unyielding  boss  with  the  adjacent  Liassic  and  volcanic  rocks.  On 
the  eastern  and  north-eastern  sides  the  granite  was  in  intimate 
contact  with  a  more  stubborn  mass,  viz.  the  boss  of  gabbro,  and 
the  line  of  faulting  here  sweeps  round  at  a  wider  radius  (Fig.  28,  p. 
131),  its  curiously  curved  line  from  Strath  Suardal  to  the  Sound  of 
Scalpay  emphasising  its  relation  to  the  granite  boss  with  which  it 
is  concentric.  The  faults,  and  others  connected  with  them,  cut  the 
composite  sills  and  some  minor  acid  intrusions ;  and  the  elevation 
of  the  Beinn  na  Caillich  boss  is  thus  referred  to  a  somewhat  late 
epoch.     It  was  not  accompanied  by  any  igneous  intrusions. 

The  plutonic  phase  does  not  seem  to  have  been  divided  by  any 
prolonged  interval  of  time  from  that  of  the  minor  intrusions,  and 
one  remarkable  group  may  be  regarded  as  in  a  certain  sense 
marking  the  transition  from  the  one  to  the  other.  In  various 
regions  where  the  record  of  events  during  one  complete  suite  of 
igneous  eruptions  can  be  followed  it  is  seen  that,  while  in  the 
plutonic  phase  the  succession  of  rock-types  follows  an  order  of 
decreasing  basicity,  in  the  "dyke  phase"  this  order  is  reversed. 
This  generalisation  is  applicable  to  Skye,  provided  that  we  confine 
our  attention  to  those  groups  of  intrusions  which  are  related  to  the 
special  focus  of  activity ;  the  regional  groups,  which  show  little 
variation  of  any  sort,  being  excluded.  If,  with  this  limitation,  we 
may  regard  the  reversal  of  order  in  the  "  dyke  phase  "  as  a  general 
law,  whatever  be  its  significance  and  explanation,  we  may  expect 
that  between  the  plutonic  phase  and  that  which  follows  there  will 
be  a  certain  cintical  epoch,  when,  if  intrusions  occur,  basic  and  acid 
magmas  may  be  intruded  almost  simultaneously.  It  is  precisely  to 
this  epoch  that  we  refer  those  composite  intrusions,  consisting  of 
basic  and  acid  rocks  in  intimate  association,  which  we  have 
described  under  the  name  of  the  Cnoc  C&mach  group  (Chapters 
XII.,  Xm.).  In  this  view  they  belong  to  a  point  of  time 
accurately  separating  the  plutonic  phase  from  that  of  the  minor 
intrusions,  and  evince  a  nicely  balanced  state  which  marked  a 
turning-point  in  the  mutual  behaviour  of  basic  and  acid  magmas  at 
the  Sl^o  focus.    The  rarity  of  such  remarkable  composite  intrusions 
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in  other  regions  we  should  then  ascribe  to  the  fact  that  the  plutonic 
phase  of  activity  and  that  which  succeeds  it  are  in  general  divided 
by  a  period  of  quiescence.  As  regards  the  areal  distribution  of  the 
peculiar  composite  intrusions  of  this  epoch  in  Skye,  it  is  to  be 
noticed  that  they  occupy  a  semicircular  belt  of  country,  partly  sur^ 
rounding  the  granite  tract  of  the  Red  Hills,  but  lying  beyond  it  to 
the  N.E.  They  are  thus  on  the  side  remote  from  the  gabbro  of  the 
Cuillins,  and  cany  on  a  step  farther  that  displacement  north- 
eastward of  the  centre  of  activity  which  we  have  noticed  in  the 
successive  episodes  of  the  plutonic  phase.     {See  Fig.  58,  p.  273.) 

The  fhase  of  minor  intnisions  opened  with  a  great  revival  of 
regional  activity.  There  was  an  invasion  of  basic  magma  in  the 
form  of  sills,  collectively  of  enormous  volume,  intruded  among  the 
basaltic  lavas  and  the  underlying  strata.  This  was  apparently  not 
a  regional  episode  in  the  strictest  sense  of  affecting  the  entire 
region  alike ;  but  it  certainly  had  no  connection  with  the  Skye 
focus.  If  the  sills  of  the  great  group  in  Skye  are  related  to  any 
centre,  it  must  be  to  one  lying  towards  the  N.  or  N.W.,  in  which 
directions  the  sills  become  thicker  and  more  important,  while  they 
die  out  towards  the  S.E. 

The  intrusion  of  the  great  group  of  sills  was  followed  by  a  long 
succession  of  episodes,  which,  as  we  have  already  insisted,  fall  into 
two  parallel  series,  the  local  and  the  regional.  The  former  was 
restricted  to  a  limited  area,  including  and  surrounding  the 
mountain  tract  of  central  Skye,  and-  consisted  of  several  distinct 
groups  of  intrusions,  both  dykes  and  sheets,  with  a  wide  range  of 
petrographical  variety.  The  latter  comprised  a  vast  number  of 
basic  intrusions,  in  the  form  of  dykes  with  a  predominant  N.W.  or 
N.N.W.  direction,  and  is  less  easily  divided  into  distinct  groups. 
For  this  reason  it  will  be  convenient  to  consider  the  two  series 
separately. 

In  the  local  series  of  minor  infrKsions  we  distinguish  three  prin- 
cipal stages,  corresponding  with  those  of  the  plutonic  phase  of 
activity  but  with  an  important  difference.  The  sequence  in  the 
earlier  phase  was — ultrabasic,  basic,  acid  :  in  the  minor  intrusions 
it  is — acid,  basic,  ultrabasic  ;  i.e.  an  order  of  decreasing  acidity  or 
increasing  basicity.  This  reversal  of  order  in  the  "  dyke  phase  '* 
has  been  recognised  in  other  regions,  and  attempts  have  been  made 
to  explain  it  on  general  principles,*  but  a  discussion  of  these  would 
lead  us  too  far  from  our  main  sulyect. 

The  minor  acid  intrusions  constituting  the  first  of  the  three  stages 
took  the  form  of  dykes  and  sheets,  not  often  maintaining  the  regular 
disposition  of  typical  sills.  Their  epoch  is  well  marked  with 
reference  to  the  regional  as  well  as  to  the  local  sequence  ;  for, 
while  they  were  later  than  the  great  group  of  sills,  they  were  earlier 
than  the  generality  of  the  basic  dykes  which  followed  the  sills  over 
the  whole  region.  The  distribution  of  the  acid  intrusions  in  space 
is  rather  wide,  but  still  clearly  defined,  including  the  Red  Hills 
but  extending  for  a  considerable  distance  beyond  (see  sketch-map, 

*  E.fj.y  see  Barrow,  Quart.  Journ.  Geol.  Soc,  vol.  xlviii.,  p.  121 ;  1892. 
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Fig.  58,  p.  273).  The  later  acid  intrusions  are  thus  clearly  related 
to  the  same  focus  as  the  granite,  and  indicate  a  resumption  of 
activity  at  that  focus,  on  a  feebler  scale  but  over  a  more  extended 
area,  after  a  lapse  of  time  at  least  as  long  as  that  required  for  the 
intrusion  of  the  great  group  of  dderite  sUls.  It  appears,  however, 
that  the  crustal  strain  which  provoked  the  new  outburst  was  com- 
pounded of  both  local  and  regional  elements,  of  which  the  latter 
exercised  a  poweiful  influence  on  the  behaviour  of  the  minor  acid 
intrusions.  The  area  afiected  by  these  intrusions,  though  centring 
in  the  granite  focus,  has  an  elongated  outline  with  its  long  axis  in 
the  direction  of  the  regional  dykes,  and  the  acid  dykes  themselves 
have  in  general  the  same  direction. 

In  the,  absence  of  chemical  analyses,  the  nature  of  these  later 
acid  rocks  can  only  be  inferred  from  their  mineralogical  com- 
position. They  appear  to  be  somewhat  poorer  in  ferro-magnesian 
constituents  than  the  rocks  of  the  granite  group.  If  we  suppose 
them  to  be  derived  from  the  granite-magma,  or  one  of  like  com- 
position,  by  further  differentiation,  we  may  look  for  a  "com- 
plementary "  group  of  basic  rocks  rich  in  iron  and  magnesia.  The 
rocks  to  which  we  may  most  probably  assign  this  rdle  are  the 
dykes  of  the  Beinn  Dearg  group  (pp.  324-326);  which  have 
the  required  petrographical  characters,  and  present  the  peculiarity 
— otherwise  anomalous — of  a  group  of  basic  rocks  whose  distribu- 
tion is  closely  bound  up  with  that  of  the  granite.  We  have 
included  as  aberrant  members  of  the  minor  acid  intrusions  certain 
highly  felspathic  types  with  little  or  no  free  silica.  These  find 
their  counterparts  at  earlier  epochs  in  a  rare  syenitic  modification 
of  the  granite,  described  as  occurring  below  Creagan  Dubha, 
and  in  the  felsitic  member  of  the  composite  sill  of  Rudh'  an 
Eireannaich. 

The  minor  basic  intrusions  of  the  local  series  followed  the  acid 
ones  after  an  interval  which  must  have  been  of  long  duration,  for 
during  this  time  were  intruded  a  large  proportion — ^perhaps  the 
majority — of  the  regional  basic  dykes.  This  long  pause,  contrasted 
with  the  rapid  succession  of  events  during  the  plutonic  phase,  we 
must  interpret  as  a  sign  of  waning  energy  at  the  Skye  focus. 

Just  as  the  minor  acid  intrusions  showed  a  distribution  about 
the  Red  Hills,  so  the  minor  basic  intrusions  (of  the  local  series)  are 
manifestly  related  to  the  Cuillin  district.  Here,  however,  the 
relation  is  of  a  stricter  kind,  for  the  rocks  in  question  are  scarcely 
found  beyond  the  limits  of  the  gabbro  laccolite  itself.  Further,  the 
directions  of  the  intrusions  have  clearly  been  determined  by  some 
forces  centring  in  or  beneath  the  interior  of  the  gabbro  tract ;  the 
forms  assumed  being  (successively  or  in  part  simultaneously) 
tangential  dykes,  radial  dykes,  and  inclined  sheets  dipping 
towards  the  interior.  The  striking  contrast  between  this  disposi- 
tion and  that  found  in  the  minor  acid  intrusions  is  in  some 
measure  capable  of  explanation.  During  the  interval  between  the 
two  outbursts  the  regional  crustal  strain  had  been  relieved  by 
faulting  on  a  very  extensive  scale,  and  the  whole  country  broken 
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up  into  separate  strips  or  blocks.  One  block  whicli  thus  became 
in  aome  degree  isolated  included  the  gabbro  laccolite  and  the 
immediately  adjacent  country,  and  it  waa  of  sufficient  extent  to 
allow  of  the  developmeat  of  a  local  system  of  strain  in  its  interior. 
The  precise  nature  of  this  strain,  which  provoked,  and  was  relieved 
by,  the  minor  basic  intruBions  of  the  Cuillin  group,  ofiers  a 
mechanical  problem  of  considerable  difficulty,  but  we  should 
picture  it  as  a  tendency  to  upheaval  at  the  centre  of  the  area.  It 
is  perhaps  significant  that  the  system  is  slightly  eccentric,  tha 
point  towards  which  the  sheets  incline  being  situated  a  little  to  the 
north-east  of  the  centre  of  the  laccolite  (see  Fig.  72,  p.  867).  If  the 
magma  of  these  intrusions  was  derived  from  the  old  gabbro- 
magma,  or  one  originally  of  like  composition,  there  must  have 
been  some  further  differentiation  of  thU. 

We  cannot  estimate  precisely  the  interval  which  severed  the 
intrusions  just  dismissed  from  the  next  well  marked  group,  that  of 
the  minor  ultrabasic  intrusions.  A  considerable  number  of  dykes 
of  the  regional  series  cut  the  former  but  are  cut  by  the  latter. 
Certain  rocks  in  Skye  which  are  petrographically  on  the  border- 
line between  basic  and  ultrabasic  perhaps  belong  to  this  interval. 
This  seems  to  be  the  case  at  least  with  a  few  rocks  answering  to 
this  description  which  are  found  in  the  Cuillins,  but  as  regards 
others  (audi  as  those  of  the  Ben  Aslak  type)  we  are  in  doubt  as  to 
whether  they  belong  to  the  local  series  or  the  regional. 

The  minor  ultrabasic  mtrusions  are  coliectively  much  inferior  in 
importance  to  the  basic  group.  The  principal  representatives  are 
the  later  peridotite  dykes  of  the  Cuillins.  In  their  radiate 
amngemenb  they  noaU  the  preceding  group,  and  exoeptiaoaify  it 
places  in  the  heart  of  t}ie  district  they  assume  the  "inclined 
sheet"  habit.  Their  distribution  in  space  is  interesting,  the 
crescentic  area  which  includes  them  covering  the  western  and 
Bouth-westem  parts  of  the  gabbro  laccolite,  with  some  extension 
towards  the  south-east  (sketch-map.  Fig.  75,  p.  375).  This  embracea 
only  half  a  circle,  viz.  the  south-western  half,  within  which  the 
much  earlier  plutonic  peridotites  were  intruded.  The  three  prin- 
cipal local  groups  of  minor  intrusions  in  Skye  show  thus  on 
evident  relation  to  the  corresponding  plutonic  intrusions  respect- 
ively, and  the  reversal  of  the  order  of  succession  in  the  final  phase 
implies  therefore  a  reversal  of  the  direction  of  shifting  of  the  centre 
of  activity.  If  we  take  account  of  the  shifting  inaicated  in  the 
old  trachytic  and  rhyolitic  volcano  of  Fionn  Choire,  the  displace- 
ment throughout  the  three  enccessive  phases  of  igneous  activity 
seems  to  have  been  of  an  oscillatory  kind,  as  follows  : — 

Volcanic,  .  .  .  from  N.E.  to  8.W. 
Plutonic,  .  .  .  from  S.W.  to  N.E. 
Minor  intrusions, .         .         from  N.E,  to  S.W. 

Before  proceeding  to  the  minor  intrusions  of  the  regional  series, 
we  may  briefly  mention  certain  tubsidiary  groupi,  the  precise  rela- 


Seview  of  Tertiary  Igneous  Actum.  429 

tions  of  which  to  other  members  of  the  great  suite  we  have  not  in 
all  cases  deciphered.  They  all  belong  to  late  epochs ;  but  whether 
they  are  older  or  younger  than  the  peridotites  just  considered,  we 
have  no  means  of  ascertaining.*  The  trachyte  and  trachy-andesite 
dykes  have  been  described  in  Chapter  XXIII.  Most  of  them, 
occurring  near  Broadford  and  in  the  Sleat  district,  have  no  close 
connection  with  the  Skye  focus,  but  belong  to  a  group  which  has 
its  chief  area  of  distribution  farther  south-east,  on  the  Scottish 
mainland.  Like  the  great  group  of  basic  sills,  it  enters  Skye  from 
without,  but  from  the  opposite  direction  (Fig.  7  6,  p.  387).  TheDrynoch 
group  of  trachytes  seems  to  be  of  distinct  origin,  though  still  of 
late  date ;  and  to  the  same  epoch  we  may  conjecturally  refer  the 
mugearites  and  allied  types  (oligoclase-  and  orthoclase-basalts,  etc.) 
noticed  in  Chapters  XV.  and  XVIII.  The  dykes  of  augite-andesite 
and  of  acid  pitchstone  are  scarcely  numerous  enough  to  aflTord  a 
basis  for  any  generalisation.  We  have  seen  indications  {see  p. 
402)  of  an  interesting  relationship  between  the  two  types,  but 
this  does  not  come  out  so  clearly  in  Skj'^e  as  in  Arran.  The  pitch- 
stones  seem  in  our  area  to  have  a  very  restricted  occurrence,  which 
might,  however,  be  somewhat  extended  by  including  devitrified 
rocks  perhaps  referable  to  this  group.  The  tj'pical  examples  dis- 
covered have  a  distribution  compatible  with  a  relation  to  the 
granite  centre.  If  this  connection  with  the  local  scries  can  be 
assumed,  it  is  interesting,  for  it  shows  the  oval  area  of  distribution 
of  the  minor  acid  intrusions  contracted  during  this  final  and  feeble 
recrudescence  of  activit}'  to  little  more  than  a  line,  following  the 
usual  direction  of  the  regional  dykes  (Fig.  76,  p.  387). 

The  sequence  of  the  regional  series  of  minor  intmsians  subsequent 
to  the  epoch  of  the  great  group  of  sills  we  have  not  succeeded  in 
tracing  out  systematically  from  stage  to  stage.  The  difficulty  of 
dividing  the  rocks  into  distinct  groups  and  arranging  these  in 
order  of  chronological  succession  arises  chiefly  from  three  circum- 
stances, (i.)  The  intrusions  have  almost  exclusively  the  form  of 
dykes,  (ii.)  A  general  community  of  petrographical  characters 
runs  through  the  whole  series,  (iii.)  All  the  dykes  have  in 
general  a  common  direction  of  strike ;  so  that  intersections,  which 
might  serve  to  determine  the  relative  ages  of  diflerent  dykes,  are 
not  often  found.  A  few  remarks  may  be  made  on  each  of  these 
three  points. 

The  form  and  habit  assumed  by  igneous  intrusions  at  any  epoch 
were  directly  dependent  on  the  nature  of  the  crustal  strain  at  that 
epoch.  During  the  earliest  part  of  the  phase  of  minor  intrusions 
the  regional  strain  had  been  such  that  the  invading  magma  was 
injected  in  the  form  of  very  regular  sills.  This  was  also  the  case  in 
varying  degree  with  the  local  groups,  viz.  the  peculiar  composite 
intrusions  of  the  Cnoc  C^mach  group  and  the  minor  acid  intrusions 
of  the  area  surrounding  the  Bed  Hills.     Shortly  after  the  epoch  of 

''*'In  Rum  we  have  found  the  later  peridotito  dykes  to  cut  the  augite- 
andesites. 
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these  last,  however,  occurred  an  event  of  the  first  importance  in  the 
geological  history  of  Skye,  viz.  the  principal  faulting  (of  Tertiary 
age)  in  our  area.  To  this  is  due  the  characteristic  structure — that  of 
a  succession  of  gently  tilted  plateaux  divided  by  lines  of  fault — which 
is  the  most  striking  tectonic  feature  over  the  greater  part  of  the 
island.  Its  efiect  was  no  less  important  as  altering  the  conditions 
under  which  igneous  magmas  were  intruded.  In  the  country 
thus  shattered  a  new  distribution  of  strains  was  set  up,  and 
the  continuity  of  the  strata  (including  the  lava-flows  and  the 
dolerite-sills)  was  broken.  Henceforth  when  molten  magma  again 
rose  in  fissures  throughout  the  region — sometimes  in  the  old  fissures 
reopened — it  was  neither  to  spread  laterally  among  the  country 
rocks  nor  (so  far  as  we  know)  to  be  poured  out  at  the  surface.  The 
later  dykes  are  in  this  sense  self-suflBcing  intrusive  bodies,  neither 
the  feeders  nor  the  offshoots  of  other  igneous  masses.  Such  dykes 
differed  functionally  from  those  belonging  to  earlier  epochs. 

We  have  already  insisted  upon  one  conspicuous  difference 
between  the  local  and  the  regional  series  of  rocks,  a  difference  of 
a  petrographical  kind  running  through  the  entire  suite  in  all  phases 
of  activity  :  the  groups  with  regional  distribution  show  nothing  of 
the  wide  differentiation  which  we  have  had  to  notice  in  the  local 
groups.  This  comes  out  strikingly  in  the  chemical  analyses  here 
reproduced  for  comparison,  though  doubtless  a  more  extended 
examination  would  discover  greater  variety  than  is  apparent  in  these 
few  examples.  The  basic  dykes  certainly  present  a  remarkable 
monotony  of  petrographical  characters  when  viewed  as  a  whole,  and 
we  have  found  among  them  but  few  specific  features  which  can  be 
tentatively  regarded  as  marking  distinct  natural  groups  or  pertain- 
ing to  defined  epochs  in  the  succession.  Prophyritic  dykes  seem 
to  belong  in  general  to  a  rather  late  time,  and  the  later  dykes  are 
also  perhaps  richer  on  the  whole  in  xenoliths  and  xenocrysts.  These 
points  may  possibly  be  significant  (Chapter  XX.).  It  is  true  there 
are  certain  subsidiary  groups  of  which  we  have  made  mention,  the 
trachy-andesites  of  Sleat  and  other  types  containing  oligoclase  and 
orthoclase,  besides  rocks  on  the  other  hand  rich  in  olivine  and 
carrying  picotite  ;  and  some  among  these  may  possibly  claim  to  be 
included  in  the  regional  series.  We  might  rather  say  perhaps  that 
there  are  certain  subsidiary  centres  of  activity  in  the  region  in 
addition  to  the  chief  foci,  and  these  were  also  in  a  minor  degree 
centres  of  differentiation.  In  any  case  the  fact  that  all  these  special 
rocks,  including  also  the  pitchstones,  etc.,  made  their  appearance 
at  quite  late  epochs  seems  to  show  that,  outside  the  principal 
local  foci,  any  very  important  differentiation  was  arrived  at  only 
in  the  final  stages  of  igneous  activity  in  the  region. 

The  general  law  of  direction  of  the  dykes  has  been  sufficiently 
discussed  in  Chapter  XVII.  We  recur  to  the  subject  here  only  to 
point  out  how  the  varying  direction,  as  well  as  the  varying 
frecjuency,  of  the  regional  basic  dykes  illustrates  the  nmtual  inter- 
action of  the  regional  and  local  elements  of  the  crustal  strain. 
The  intervention  of  the  regional  influence   in  the  behaviour  of  the 
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III. 
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19-48 
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7-70 

9-05 

0-26 

not  det. 

6-10 

5-29 

8-27 

10-05 

2-80 
0-96 

2-39 

1 

2-81 

1-20 

0-15 

not  det. 

I.  Basaltic  lavas  (one  analysis  only). 
II.  Sills  of  the  "  great  group  "  (mean  of  two). 
III.  Dykes  of  "  regional  series  "  (mean  of  two;. 

intrusions  of  the  local  series  is  apparent  at  more  than  one  stage, 
and  is  most  marked  in  the  distribution  and  orientation  of  the  acid 
dykes,  intruded  not  long  anterior  to  the  faulting  of  the  region. 
But  a  reciprocal  influence  is  also  to  be  observed.  The  energy 
displayed  in  the  intrusion  of  the  regional  series  of  dykes  seems  to 
have  attained  its  maximum  in  the  neighbourhood  of  the  gabbro 
focus.  This  appears  in  the  extraordinary  profusion  of  dykes  in  a 
broad  belt  of  country  surrounding  the  CuUlins,  and  especially  in 
the  distribution  of  multiple  dykes,  as  already  noticed  (Fig.  52,  p.  238). 
Further,  there  is  (Fig.  63,  p.  301)  a  decided  tendency  in  the 
regional  dykes  to  a  radiate  disposition  about  the  chief  centres  of 
plutonic  intrusions,  a  tendency  discernible  as  a  secondary  influence 
modifying  the  primary  principle  of  parallelism.  This  of  course 
must  be  attributed  not  to  the  plutonic  intrusions  themselves,  but 
to  the  local  crustal  strains  with  which  these  are  intimately  bound 
up  ;  and  accordingly  the  granite  centres  are  attended  by  the  same 
effects  as  the  gabbro. 

Despite  the  exception  here  implied,  and  generally  away  from 
centres  of  local  disturbance,  the  dykes  hold  their  normal  course  with 
a  want  of  regard  for  geological  structure  and  tectonic  accidents 
which  is  very  remarkable.  Especially  noteworthy  is  it  that  they  have 
rarely  taken  advantage  of  the  presumable  lines  of  weakness  offered 
by  faults.  The  dykes  are,  it  would  seem,  the  expression  of  a 
larger  law  than  that  which  is  realised  in  the  ordinary  dislocations  of 
strata.  This  independent  behaviour  characterises  the  Tertiary 
dykes  of  Britain  as  a  whole.* 

In  conclusion  we  venture  to  suggest  a  question  which  may  have 
more  than  a  local  application.  One  of  the  most  remarkable 
circumstances  brought  out  by  a  study  of  the  basic  dykes  in  the 
field,  and  one  discussed  at  length  in  its  proper  place,  is  the  manner 

♦  Cf.  Su-  A.  Geikie,  Trans,  Roy.  Soc,  Edin.y  vol.  xxxv.,  pp.  63-68 ;  1888  : 
Ancient  Volcanoes  of  Great  Britain^  voL  ii,  pp.  116-171 ;  loffl. 
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in  which  the  intnieioiiB  have  been  controlled  by  the  nature  ot  tho 
country-rock.  The  dykes,  traversing  some  formations  in  vast 
numbers,  show  a  singular  reluctance  to  enter  certain  other 
formationa.  Whatever  be  the  explanation  of  this  behaviour,  the 
fact  lias  bearings  wliich  are  possibly  of  some  importance.  On 
a  priori  grounds  dykes  which  freely  intersect  one  formation,  but  do 
not  penetrate  another  overlying  one,  might  with  considerable  show 
of  probability  be  referred  to  an  age  intermediate  between  those  of 
the  two  formations  concerned  ;  bnt  the  results  of  onr  survey  forbid 
U8,  in  the  area  mapped,  to  attach  any  weight  to  negative  evidence 
of  this  kind.  Now  in  the  northern,  midland,  and  weatern  countiee 
of  England  and  in  parts  of  Wales  there  are  numerone  dykes  and 
other  intrusions  of  basic  rocks,  which  intersect  the  Carboniferous 
and  older  strata,  but  not  the  New  Red  rocks  ;  and  these  intrusions 
have  therefore  generally  been  held  to  be  of  pre-Permian  age.  The 
facts  which  we  have  recorded  suggest  that  an  inference  based  on 
such  grounds  should  be  open  tc  reconsideration.  There  is  tlie  more 
force  in  this  suggestion  since  one  dyke  at  Swinnerton  Park  in 
Staffordshire*  does  actually  cut  the  New  Red  rocks  ;  while  Mr 
Gremilyt  has  found  a  similar  case  in  Anglesey,  and  has  put 
forward  the  opinion  that  a  large  number  of  dykes  in  that  island, 
hitherto  referred  to  the  interval  between  Carboniferous  and 
Permian,  are  in  reality  a  part  of  the  great  Tertiary  system  of 
intrusions.  If  geological  and  petrographical  evidence  should  be 
found  to  confirm  and  extend  this  conclusion,  we  may  have  to 
enlarge  considerably  the  area  admittedly  affected  by  the  latest 
finite  of  igneous  intrusions  in  Britain,  t 

To  ezhilnt  in  one  view  some  of  the  more  important  resnlti 
BnmmariBed  in  this  chapter,  we  append  a  table  showing  the  sequence 
uid  in  some  degree  the  mutual  relations  of  the  chief  gronpe  of 
igneous  rocks  of  the  regional  and  the  local  series  in  Skye.  The  local 
episodes  are  indicated  by  separate  tablets  inserted  in  the  table,  their 
vertical  spacing  being  intended  to  represent  diagrammatically  tito 
time-intervals  between  the  successive  groups. 

«  Kirkbv,  Tram.  N.  Staff*.  Nat.  Field  avh,  voL  zzviiL,  p.  1S9  ;  1884. 

t  Otol.  Mag.,  19  >0,  pp.  160.164. 

I  On  this  subject  boo  also  Watta  in  Sketch  of  the  Geology  of  the  Binning- 
hua  district,  Froe.  Otol.  Aa.,  vol.  zv.,  pp.  399,400  i  1898. 
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CHAPTEE    XXVI. 
Physical  Features  and  Scenery. 

The  Western  Isles  of  Scotland  have  often  been  cited  in  illustra- 
tion of  the  enormous  amount  of  material  which  has  been  removed 
by  the  agents  of  erosion  and  transportation  during  the  latter  half  of 
Tertiary  time.  In  this  respect  Skye  does  not  yield  in  point  of 
interest  to  any  other  part  of  the  region.  The  basaltic  rocks  which 
build  the  north-western  part  of  the  island  have  been  cut  up  into 
numerous  hills  and  plateaux,  divided  by  deep  glens,  while  from  the 
south-eastern  part  these  rocks  have  been  wholly  stripped  away.  In 
the  central  tract  erosion  has  gone  still  farther ;  for,  not  only  have 
the  basalts  been  removed,  but  the  plutonic  rocks,  of  later  age  and 
doubtless  consolidated  at  considerable  depths  below  the  then  surface, 
have  been  left  standing  out  as  mountains  2500  and  3000  feet  high. 
In  this  final  chapter  we  shall  examine  the  manner  in  which  the  pro- 
cesses of  erosion  have  been  controlled  by  the  geological  constitution ; 
so  that  the  existing  physical  features  and  scenery  stand  related  to 
the  lithological  characters,  distribution,  and  arrangement  of  the 
various  rocks.  Such  a  discussion  will  derive  a  certain  special 
interest  from  the  fact  that  the  rocks  are,  within  the  area  to  be  more 
particularly  considered,  exclusively  igneous  rocks. 

We  have  pointed  out  in  some  detail  in  the  preceding  chapter  how 
the  successive  igneous  eruptions  in  our  area  have  been  closely  bound 
up  with  the  development  of  strains  in  the  earth's  crust  and  the 
various  ways  in  which  these  strains  have  from  time  to  time  found 
relief.  From  the  same  causes  there  also  resulted,  as  we  have  seen, 
movements  and  deformations  of  the  solid  crust,  sometimes  of  wide 
extent,  sometimes  rather  narrowly  localised.  Such  movements, 
taking  in  general  the  form  of  differential  elevation  (whether  absolute 
or  relative),  have  of  course  influenced  the  broader  physical  features 
of  the  country ;  and  we  can  trace  in  the  existing  surface  relief  the 
interaction  of  the  two  elements — themselves  closely  connected — 
the  distribution  of  the  various  igneous  rocks  and  actual  deformation 
of  the  earth's  crust. 

Disregarding  the  south-eastern  portion  of  the  island,  where  the 
Tertiary  igneous  rocks  have  had  only  a  very  small  share  in  determ- 
ining the  existing  surface-relief,  Skye  divides,  for  our  present 
purpose,  into  three  strongly  contrasted  tracts.  To  the  north-west 
the  basaltic  country  presents  a  well  characterised,  though  mono- 
tonous, type  of  scenery.  The  central  part  of  the  island  offers  much 
greater  diversity  and,  from  the  point  of  view  of  the  artist,  much 
more  interest,  possessing  in  the  Cuillins  a  mountain-group  without 
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rival  in  the  British  Isles.  This  group,  with  which  we  must 
associate  also  the  Blaven  range,  occupies  the  western  portion  of  the 
central  mountain-tract,  where  gabbro  is  the  dominant  rock.  To  the 
east  we  have  the  granitic  "  Bed  Hills,"  and  the  contrast  in  form 
between  the  two  groups  of  mountains  has  been  the  subject  of 
remark  by  numerous  writers.  We  shall  consider  these  three  prin- 
cipal types  of  scenery  in  order. 

In  the  basalt  plateaux  the  determining  element  of  the  surface- 
relief  is,  from  the  lithological  point  of  view,  not  the  basaltic  lavas 
but  the  great  group  of  sills,  to  which  all  the  strong  features  are 
directly  due.  At  the  same  time  the  general  arrangement  of  the 
features  is  the  simple  expression  of  the  tectonic  structure  resulting 
from  the  (regional)  system  of  crust-movements  aleady  described. 
These  movements  took  the  form  of  a  shattering  of  the  country  by 
numerous  faults  and  a  tilting  of  the  separate  blocks  or  strips  towards 
the  west.  There  was  at  the  same  time  a  certain  tilting  of  the  whole 
country  in  the  same  direction.  We  may  express  this  otherwise, 
from  the  point  of  view  of  the  geological  mapper,  by  saying  that  the 
cumulative  throw  of  the  faults  towards  the  east  is  not  enough  to 
compensate  fully  the  general  dip  towards  the  west ;  so  that  the 
base  of  the  basalt  group  stands  at  a  considerably  higher  altitude 
on  the  east  side  of  the  island  than  on  the  west.  It  has  resulted 
from  this  that  the  highest  ground  in  this  part  of  the  island  occurs 
near  the  east  coast,  in  the  long  and  almost  continuous  range  which 
may  be  regarded  as  the  main  escarpment  of  the  basaltic  group.  It 
runs  from  Beinn  Tianavai^,  near  Portree,  northward  to  the  Quiraing, 
culminating  in  the  Storr  (2360  feet). 

We  turn  for  a  moment  to  the  south-eastern  part  of  Skye.  This 
has  clearly  experienced,  as  a  whole,  since  the  volcanic  epoch  a 
greater  elevation  (or  less  depression)  than  the  north-western  tract. 
The  greater  relative  elevation,  however,  is  not  suflBcient  to  account 
for  the  fact  that  the  basaltic  group  has  here  been  totally  removed. 
Indeed  the  average  altitude  of  the  surface  at  the  present  time  is 
considerably  lower  here  than  in  the  plateau  country.  The  removal 
of  the  basalts  must  be  attributed  mainly  to  another  difiference, 
depending  on  the  distribution  of  the  great  group  of  sills.  As  we 
have  seen,  these  were  most  developed  towards  the  north  and  north- 
west, thinning  away  towards  the  south-east,  and  never  reaching  the 
Sleat  district.  Where  the  sills  were  in  force,  they  not  only  greatly 
increased  (probably  doubled)  the  total  thickness  of  the  basalt 
group,  but,  by  the  interposition  of  sheets  of  hard  rock  at  numerous 
horizons,  enabled  the  whole  to  ofifer  a  much  more  efifective  resist- 
ance to  erosion.  In  the  south-east,  where  the  sills  were  wanting, 
the  much  more  perishable  basaltic  lavas  were  easily  removed.  It 
is  interesting  to  notice  that  the  effect  of  the  general  dip  is 
nevertheless  still  indicated  by  the  distribution  of  the  higher  ground, 
In  the  tract  of  Torridonian  rocks  which  extends  from  Kyleakin  to 
near  the  Point  of  Sleat,  the  greatest  heights  are  found  to  tiie  north- 
east (Sgdrr  Coinnich,  2400  feet) ;  the  average  altitude  diminishes 
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■'iiWath- westward,  and  beyond  Loch  na  Dal  the  country  nowhere 
S^->.|l«achee  the  1000-feet  contonr-Iine. 

Betuming  to  the  basaltic  tract,  we  may  remark  first  that  the 
ooast-line  affords  admirable  studies  of  the  results  of  marine  erosion, 
^e  finest  display  is  on  the  west  coast,  especially  between  Loch 
&scactale  and  Loch  Brittle.  Here  the  basalt  group  goes  down 
below  eea-level,  and  presents  long  ranges  of  precipitous  cliffs,  in 
many  places  practically  vertical,  rising  500  or  700  or  even  900  feet 
ont  of  the  water.  This  greatest  height  is  fonnd  at  Beinn  nan 
[  Oaitheann,  to  the  sontli  of  Talisker.  The  cliffs  have  a  very  evident 
amearaooo  of  stratification,  dne  to  the  alternation  of  lavaa  and 
nUB ;  bat  in  ft  vertical  exposure  the  sills,  with  their  prononnced 
s-joicting,  are  no  more  dvirable  than  the  lavas,  and  the  whole 
jwientB  one  oontinuouB  &oe,  in  strong  contrast  with  the  effects 
of  s&babial  erosion  inland.  On  the  east  coast  the  Jurassic  straita 
MBSim  from  beneatii  the  basalts.  Fortified  by  sills  often  more 
than  100  feet  thick,  they  make  in  places  strong  sea-cliffs,  especially 
tomidi  the  north,  forming  on  advance-guard  to  the  escarpment  cS 
the  bu^tic  group  behind. 

fHuB  main  escarpment  mns  generally  parallel  with  the  coaet> 
line,  hot  at  a  variable  distance  from  it.  In  accordance  with  its 
sbucture,  it  presents  a  more  or  less  precipitoaa  feoe  towards  the 
MSt,  with  a  characteristic  broken  appearance  due  to  considerable 
Und-alipB,  while  the  western  slope  is  a  gentle  one.  In  the  niocefl- 
wm  ttfplataMixinitof  tbeiiMiiieM»rpoient  mflnd  gaoMnQj  ft 
iBQDOtony  ef  nwaxtaiat  doe  to  ibermon  cf  tin  hem  IjTpe  of 
atmotare.  SiioidiTwnlyM  meets  the  ^vimdHs  from  the  Tatyiiig 
inclination,  fieqaenoy,  and  thickneea  of  ^e  nils,  whioh  cnwywlun 
stand  oat  in  relief  innn  the  softer  Istob.  Where  the  dip  is  veiy 
gentle,  as  is  sometimes  the  case  on  the  west  side  of  the  island,  a 
single  sill  may  form  the  whole  of  the  summit  of  a  hill,  and  a 
remarkable  flat-topped  appearance  is  the  conseqnence.  This  is 
especially  striking  in  isolated  hills*  each  as  Macleod's  Tables,  the 
only  points  near  the  west  coast  which  reach  an  altitnde  of  1500 
feet.  More  asnally  there  is  a  decided  dip  to  the  west,  or  some 
point  near  west.  In  this  case  the  snmmit  of  a  plateau  is  formed 
by  several  inclined  sills,  divided  by  abrupt  steps,  and  the  western 
slope  also  may  coneist  in  great  part  of  brood  dip-faces  of  other  sille. 
The  other  slopes  are  t«naced  by  the  outcrops  of  numerous  sills, 
which  appear  as  so  many  escarpments  separated  by  intervals  of 
gentle  inclination  representing  the  intervening  lavas.  On  the 
hill-sides  bordering  Glen  Varragill,  Glen  Drynoch,  Glen  Eynort, 
etc.,  or  facing  the  sea-lochs  Harport,  Eynort,  and  Brittle,  aa  many 
as  a  score  of  such  terraces  may  often  be  counted  in  the  evening 
light  (Fig.  79).  Farther  north,  as  the  sills  become  thicker,  the 
character  of  the  landscape  changes  accordingly.  A  single  silt  may 
now  be  sufficient  to  form  a  considerable  sea-cliff  (Plate  X.)  or  an 

*  In  Eoeas  of  Jurassic  rocks  a  similar  tabular  summit  may  be  mad«  by 
an  outlier  of  a  alroiig  sill.    A  good  example  is  Dtm-can,  tbe  higlisst  point  ot 
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imjKiling  iulaad  ensnmunt.  At  the  same  tiniei  the  colamnar 
joiiktang  of  ^w  silk  oeooines  very  pronounced,  introducing  a 
vcrtioiu  elentent  into  the  aoeneiy;  the  long  mngea  of  escarpment 
present  peipendieiilarly  flated  faces,  and  detached  pinaacles  and 
neecllea  stand  oat  in  sdvuioe.  In  this  way  the  plateau  and  terrace 
type  of  toeottrj,  which  in  tiie  central  part  of  the  island  is  only 
waaiUCOM  to  UW  €IJB,  beoomes  impressive  farther  north  from  mere 
eBi^[enition  of  soide.  Bqkecially  is  thiB  the  case  in  the  main 
Mcai^nunt  &aing  the  easfr  oout,  where  the  Storr  Rock  and  the 
Qairunff  have  Icmg  been  inoladed  in  the  tourist's  itinerary. 

Next  in  importance  to  the  basic  sills  as  a  factor  in  the  detailed 
gtmcture  (^  t he  basaltic  ooontry  come  the  basic  dykes.  A  few  of 
thesSi  notably  the  lar^  solitar}'  dykes  of  coaiso  diabaee,  form 
salient  featares,  a  remark  vltich  is  true  also  of  tlie  trachyte  dykes 
of  the  Dryno^  gioiip;  bnt  the  great  majority  hare  weathered 
more  readily  than  the  rocka  which  they  traverse,  and  have  often 
nven  rise  to  trenohes,  gollies,  or  even  deep  ravines.  A  glance  at 
the  Ordnance  map-  shows  how  many  of  the  smaller  burns  follow 
nmarkab^  strainitooarBefl  with  a  direction  vai-ying  from  N.N.W.- 
8AEL  to  N.W.-%.B.  Iliis  is  the  case  especially  on  moderately 
ele^sd  and  eenUy  inclined  sti-etches  of  moorland  and  on  the 
slopes  of  the  lulls  where  these  have  something  of  a  north-westerly 
or  sonUi-eaBterly  aspect.  Slopes  such  as  those  of  Ben  Lee  towards 
Loch  Sliffachan,  Brocbheinn  towards  Glen  Drynoch,  etc.,  are  con- 
sfHCDon^  scored  by  long  straight  parallel  gullies,_which  have 
been  determined  hy  banc  dykes,  and  often  "^by  multiple  dykes 
(Fig.  80).  On  the  nigher  ground,  and  especially  where  the  basic 
Bills  attain  a  great  thickneee,  ilylces  become  leiis  fi-ei^uent,  and  the 
straight  gnlltes  cease  to  be  so  coiispicnonB  a  feature. 

The  weathering  of  the  dykes  into  depressions,  which  are  t^e 
channels  of  permanent  or  occasional  streams,  is  not  dne  to  the  rock 
of  the  dykes  being  intrinsically  more  perishable  than  its  neighbours. 
Indeed  the  dyke-rock  is  in  most  cases  veiy  decidedly  more  durable 
than  the  lavas  and  often  not  inferior  in  this  respect  to  the  sills. 
It  ia  the  vertical  posture  of  the' dykes  that  has  rendered  them 
specially  vulnerable  to  attack,  and  this  is  most  markedly  the  case 
where  a  multiple  dyke  has  presented  several  vertical  planes  of 
weakness  (the  junctions  of  the  different  members)  in  a  short  space. 
Any  tendency  to  a  platy  fracture  in  an  individual  dyke  tells  in  the 
same  sense,  and  the  much  commoner  cross-jointing  also  facilitates 
disintegration  by  allowing  the  dyke  to  divide  into  little  horizontal 
prisms  which  are  easily  removed. 

Unlike  many  other  areas  of  somewhat  similar  geological  con- 
stitution, the  basaltic  tract  of  Skye  is  remarkably  sterile.  Cultiva- 
tion of  any  kind  is  possible  only  in  some  of  the  broader  volleys, 
where  the  rocks  ore  covered  by  a  mantle  of  boulder-clay.  Above 
the  drift-line  soil  and  subsoil  are  wanting.  Several  causes  con- 
tribute to  this  result :  the  intractable  nature  of  the  sill-rocks,  the 
scouring  of  the  country  by  ice,  the  excessive  rain-fall  under  existing 
conditions,  and  the  prevalent  covering  of  peat,  which  effectually 


I 


Vegetation  of  the  Basalt  Plateaux, 


439 


protects  the  rocks  from  subaSrial  decay.  Peat  generally  clothes 
the  valleys  and  the  less  steep  slopes,  and  often  covers  to  a  con- 
siderable depth  the  flat  and  gently  sloping  heights.  The  vegetation 
which  gives  rise  to  this  accumulation  is  referable  chiefly  to 
Sphagnuniy  various  species  of  Scirpus,  Juncus,  and  Ga/rex,  and 
grasses  such  as  Nardus  airicta,  but  many  other  species  also  con- 
tribute.* Birch-bark  and  wood  occur  almost  everywhere  in  the 
peat  on  the  lower  ground;  and,  although  the  country  is  now 
almost  denuded  of  trees,  it  is  clear  both  from  existing  relics  and 
from  the  evidence  of  place-names  t  that  much  of  it  has  once  been 
wooded.  The  final  destruction  must  be  attributed  to  the  cattle 
and  sheep.  Even  now  any  inaccessible  ravine,  or  an  islet  in  any 
of  the  tarns,  has  an  abundant,  though  dwarfed,  growth  of  birch, 
alder,  hazel,  holly,  rowan,  oak,  aspen,  etc. 

We  have  seen  that  on  the  basalt  plateaux  in  general  the  lavas, 
which  constitute  the  "country"  rock,  play  nevertheless  the  least 
important  part  in  determining  the  surface  relief.    There  is,  however, 


Fi(i.  80.—  Outlines  of  hilb*  on  the  west  side  of  Glen  Brittle,  seen  from  near 
Bealach  a'  Mhaim.  The  terraced  appearance  is  due  to  the  intrusive  sills, 
and  the  long  straight  gullies  are  determined  by  the  weathering  of  dykes. 

a  broken  belt  of  country,  immediately  adjacent  to  the  large  plutonic 
intrusions  of  the  mountains,  in  which  the  basalt  scenery  assumes  a 
difierent  character.  Here  the  lavas,  metamorphosed  by  the 
proximity  of  the  gabbro  and  granite,  become  hard  enough  to  ofier 
a  stubborn  resistance  to  erosion,  and  form  rough  crags  sometimes 
comparable  with  those  of  the  gabbro  itself.  At  the  same  time, 
and  as  a  direct  consequence  of  this  induration  of  the  lavas,  the 
basic  sills,  which  are  the  dominant  feature  of  the  plateau  country, 
die  out.  The  bedding  of  the  lavas  is  usually  very  apparent,  but 
does  not  give  rise  to  strong  ledges.     The  character  of  this  sub- 

*  Among  these  may  be  mentioned  such  bog^plants  as  Drosera  anglicay 
D.  rotundtfoliay  Saxifraga  wmbrosay  Lobelia  dortmanniy  PinguictUa  mdgarisy 
MenyarUhes  trifoliatay  JSarthecinm  omfragumy  and  Eriopharum  polystackion, 
Elsewhere  the  common  heaths  (Calluna  ru?grarw,  Erica  dnerea,  E.  tetralix) 
and  other  shruhby  plants  contribute  to  the  formation  of  peat.  Characteristic 
species  on  the  higher  moors  are  Juniperus  nana,  Veronica  montana, 
Vaccinium  tdiginosum,  Armeria  vulgaris  (var.  planifolii),  Cochlearia  officinalis 
(var.  danica)y  Gladonia  ranaiferina,  etc. 

t  Such  names  as  CoiUe  (a  wood)  and  Doire  (a  grove),  besides  the  names 
of  individual  species  of  trees,  are  sometimes  found  where  no  trees  now  exist. 
The  remark  is  doubtless  appUcable  to  much  of  the  Highlands.  It  is  note- 
worthy that  many  of  the  letters  of  the  GaeHc  alphabet  are  named  from  trees, 
and  that  the  badges  of  some  of  the  clans  were  sprigs  of  trees  which  would 
now  be  found  with  difficulty. 
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montane  belt,  int«rposed  between  the  plateaus  and  tbe  mountains, 
is  well  shown  by  Slat^bheinn  and  An  Stac  in  Fig.  81,  kindly 
drawn  for  ue  by  Mr  Colin  Phillip.  The  eastern  portions  of  Sgiirr 
nan  Each  and  Belig  belong  to  the  same  type.  The  rough  crags  of 
metamorphosed  basalt  are  more  striking  when  they  occnr  in  juxta- 
position vrith  the  smooth  slopes  of  the  Red  Hills,  as  on  the  summit 
and  northern  face  of  Glamaig  and  especially  in  Creagan  Dubha,  a 
8pur  of  Beinn  Dearg  Mhdr  (of  Strath). 

Tbe  chief  interest  in  Skye  to  lovers  of  the  picturesque  attaches  to 
the  galihro  mmmlains.  The  astonishing  indifference  of  the  earlier 
travellers  •  to  mountain  scenery  left  the  Cuillins  t  wholly  unnoticed, 
and  for  a  long  time  this  part  of  the  island  was  regarded  as  inaccess- 
ible, J.  D.  Porbea  in  1836  first  accomplished  the  ascent  of  Sgiln- 
nan  Gilleau,  and  the  little  sketch-map  accompanying  his  valuable 
paper  shows  that  he  had  also  become  acquainted  with  some  of  the 
peaks  of  the  main  range ;  but  it  was  the  late  Sheriff  Alexander 
Nicolson  who  made  the  district  known  to  the  general  public.i  The 
Ordnance  Sui-vey  was  made  at  a  time  when  many  of  the  summits 
had  not  yet  been  climbed,§  and  the  map  leaves  much  to  be  desired 
as  regards  completeness  and  accuracy.  In  later  years  the  explora- 
tions of  members  of  the  Scottish  Mountaineering  Club  have 
accumulated  a  store  of  information,  which  is  preserved  in  their 
Journal ;  but  the  mountains  are  still  practically  closed  to  tlie 
ordinary  tourist,  partly  by  the  lack  of  accommodation  but  chiefly 
1  for  want  of  knowledge.  I\ 

We  shall  examine  firstly  the  broad  features  of  the  topography 
^  and  secondly  the  minor  elements  of  the  surface  relief.  The  former 
ue  directly  attaribntable  to  the  form  of  the  mbbro  laooolite,  vhile 
the  latter  are  due  chiefly  to  the  dykes  and  intmsive  sheete  by 
which  the  gabbro  is  intersected,  and  to  the  pecoliarites  attending 
ice-eroeion. 

*  Pennant,  Johnson,  Boewell,  Jameson,  and  others  either  make  uo 
mention  of  the  mountains,  or  refer  to  them  incidentally  in  tamu  ezpreaeive 
of  aversion,  reaenring  their  admiration  for  a  wooded  glen  or  a  wateifalL 
Views  of  the  Cuillins  from  Beinn  na  CaUIich  are  giren  by  Pennant  and 
Jameson,  but  both  are  quite  unrecogniBable. 

t  The  spelling  Cuillin  adopted  here  is  that  of  the  Ordnance  Suttot  ;  the 
name  is  sometimes  written  Coolin.  The  Gaelic  word  ia  probably  CuiuhioDii, 
as  given  by  Nicolson,  and  to  identify  it  with  the  name  of  the  Oasiaoic  hero 
Cnchullin  Beetas  to  be  purely  fanciful.  In  older  writers  we  find  the  forms 
Cuilluelum,  OuUuelun,  OuUuin,  Cullin,  Quillin,  Quillen,  etc. 

X  See  especially  a  aeriea  of  articles  in  Oood  Word*  for  1876.  The  highest 
summit  of  the  Cuillins  has  been  named  Sgdrr  Alaisdair  in  memory  of  tiie 
Sheriff. 

^  Of  about  twenty  peaks  of  3000  ft  and  upward  only  seven  have  heights 
ossunied  to  them  ou  the  map. 

|[The  guide  books,  which  direct  the  tourist  to  devote  a  day  to  the  Storr 
Bock  and  one  or  two  days  to  the  Quiiaiug,  usually  allow  but  a  single  d^  for 
a  hast^  visit  to  Loch  Coruisk,  and  perhaps  another  for  the  asoent  of  ^hrr 
nan  Qillaan,  by  no  means  the  easiest  peak  of  the  Cuillins.  Althoo^  a 
syatemaLic  study  would  necessitate  camping,  moat  porta  of  the  mountains  can 
be  reached  from  SUgachao  by  a  hardy  pedestrian,  Elgol  also  affords  con- 
venient access  to  the  aouthem  part  of  tbe  district  and  CaMioBt  to  tiiB  western. 


Btepecially  interosting  is  the  arrangement  of  the  principal  ridges 
and  valleys  of  the  Cuillins  ae  dependent  on  the  form  of  the  gabbro 
laooolite.  The  laccolite  is,  as  we  have  seen,  of  the  nature  of  a  thick 
dieet>  thinning  away  towards  its  perimeter.  The  upper  surface  of 
the  gabbro  may  therefoi'e  be  assumed  to  have  had  a  somewhat 
nmiiar  shape  to  that  of  the  lower  surface,  as  represented  roughly  by 
Uie  Contour-lines  on  the  map  given  above  (Fig.  15,  p.  86),  The  cover- 
ing of  basaltic  lavaa  which  once  overspread  the  whole  island  has 
i  totally  removed  from  the  mountain  area.  What  was  the 
Lof  the  drain age-Byst«m  during  this  earlier  stage  of  the 
t  is  not  possible  to  discover ;  foi'  that  system  has  not  been 
»aed  "  upon  the  gabbro  from  which  tlie  existing  surFac«- 
Xwrved  out.  The  gabbro  so  greatly  surpassed  the  other 
,_  8  the  district  in  the  resistance  which  it  opposed  to  the  agents 
of  ecoeton,  that,  when  in  the  course  of  denudation  tlie  upper  surface 
ti  fts  Uccolite  was  exposed,  the  drainage-lines  at  once  began  to 
■dqit  themselves  to  the  form  of  that  surface.  On  no  other  supposi- 
tion  can  we  explain  the  remarkable  correspondence  observed 
betikeen  the  shape  of  tho  laccolite  and  the  existing  form  of  the 
ground.  This  correspondence  corner  out  very  clearly  upon  com- 
pwing  the  topographical  map  with  Fig,  15,  which  for  this  purpose 
ma;  be  taken  as  representing  very  roughly  the  shape  of  the  upper 
tta&ice  of  the  gabbro  laccolite.  The  Coruisk  basin  has  resalted 
from  the  broad  syncline  which  occupied  the  south-western  part  of 
the  area,  and  the  main  range  of  the  Cuillins  marks  the  soitth- 
weatem,  western,  and  north-western  limits  of  this  syncline,  coincid- 
ing nearly  with  the  edge  of  the  laccolite  itself,  which  along  thJe 
line  dips  always  inwan:!.  The  Druim  nan  Ramh,  and  Sgiirr  ua  Stri 
ridges  correspond  with  anticlinal  flexurosof  the  laccolite;  and  the 
former,  branching  off  from  the  main  range  at  Bruach  na  Frithe, 
must  have  been  at  one  stage  a  more  imposing  range  than  now, 
having  been  considerably  trenched  upon  by  Harta  Corrie.  The 
Sligachan  and  Camasunary  valleys  coincide  very  closely  with 
synclinal  lines  on  the  laccolite.  The  north-eastern  portion  of"  the 
gabbro  is  missing.  We  know  that  it  was  elevated  by  the  intmsion 
of  the  granite  magma,  which  invaded  the  earlier  basic  rock  in  a 
peculiariy  intimate  fashion.  To  what  extent  the  gabbro  was 
actually  disintegrated  by  this  attack  is  not  certainly  known  ;  but 
the  relics  which  can  still  be  studied  on  Marsco  suffice  to  show  that 
the  impregnation  of  the  gabbro  by  the  granite  would  greatly  impair 
its  durability  under  weathering  agencies.  The  south-eastern  limb 
of  the  gabbro  laccolite  thus  came  to  be  almost  cut  off,  and  sur- 
rounded by  rocks  much  more  easily  destructible.  It  has,  as  we 
have  seen,  a  synclinal  structure,  but  it  was  too  narrow  a  strip  to 
originate  an  interior  drainage,  and  so  has  given  rise  to  the  broken 
ridge  extending  from  Blath-bheinn  to  Belig.  The  peculiar  shape 
of  the  gabbro  laccolite  is  due,  as  we  have  seen,  chiefly  to  circum- 
stances attending  its  intrusion.  In  so  far  as  there  was  actual 
deformation  at  a  later  time,  the  overlying  basalts  would  be  partly 
afiected  in  common  with  the  gabbro ;  but  it  is  probable  that,  when 
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a  drainage-system  was  initiated  at  the  beginning  of  the  erosion, 
the  principal  determining  factor  in  this  part  of  the  area  was  not 
very  different  from  a  simple  dome-like  elevation  of  no  very  strong 
relief. 

In  a  distant  view  the  gabbro  mountains  at  once  assert  themselves 
as  a  distinct  geological  unit  with  strongly  marked  characteristics. 
They  present  indeed  a  unique  fragment  of  Alpine  scenery  among 
the  mountain-groups  of  Britain.  The  spiry  summits  and  acute, 
deeply-notched  ridges  are  the  more  striking  when  seen  across  a 
foreground  of  the  basaltic  plateaux,  or  contrasted  in  the  same  view 
with  the  rounded  outlines  of  the  granite  hills  (Fig.  84,  p.  449). 
Approaching  the  mountains  by  one  of  the  large  corries,  or  still 
better  by  Loch  Scavaig,  an  observer  is  next  stinick  by  the  contrast 
between  the  smooth  surfaces  of  the  lower  slopes  and  the  abrupt 
splintered  forms  of  the  peaks  which  overlook  them  (see  frontispiece). 
The  corries  and  interior  valleys,  with  the  slopes  immediately 
enclosing  them,  are  everywhere  moulded  by  ice-action,  and  there  is 
perhaps  no  district  which  exhibits  more  clearly  the  essential 
characteristics  of  glacial  erosion.  The  present  writer  has  discussed 
this  subject  in  a  separate  memoir,*  and  has  pointed  out  the  signific- 
ance in  this  connection  of  the  peculiar  form  of  the  valleys,  both  in 
cross-section  and  in  longitudinal  profile,  with  their  cirque-formed 
heads,  tarn-basins,  lake-basins,  and  other  incidents.  It  is  especially 
to  be  remarked  that  these  features!  are  never  related  to  anything  in 
the  structure  or  lithological  constitution  of  the  country.  Indeed 
many  facts  observed  in  the  Cuillins  go  to  euggest  that  a  surface- 
relief  very  little  influenced  by  structure  is  a  characteristic  of  direct 
ice-erosion.  On  the  floor  of  any  of  the  comes  it  is  often  impossible 
to  decide  that  the  eroding  force  has  respected  one  rock  more  than 
another ;  for  the  gabbro,  the  enclosed  patches  of  volcanic  rocks,  and 
the  various  dykes  and  sheets  often  figure  together  on  one  smooth 
rock-face.t  As  we  pass  up  from  the  floor  of  the  corrie,  the  inflence 
of  structure  declares  itself  with  increasing  prominence,  and  it  is 
most  marked  on  the  actual  ridges  and  peaks.  This  is  partly 
because  ice-erosion  has  there  been  less  efficient,  partly  because  the 
ridges  have  subsequently  been  subjected  to  prolonged  weathering 
by  frost-action.  The  debris  resulting  from  this  shattering  action 
has  been  in  part  carried  away  on  the  glaciers,  but  in  part  it  remains 
in  the  great  taluses  or  screes  which  choke  the  heads  of  many  of  the 
glens.  Without  further  considering  the  ice-worn  valleys  and 
corries,  we  shall  have  regard  in  what  follows  more  particularly 

*  Ice-Erosion  in  the  Cuillin  Hills,  Skye.  Trans,  Ray,  Soc,  Edin,,  vol.  xl., 
pp.  221-252  ;  1901. 

t  We  are  speaking  here  of  the  highly  characteristic  farms  of  the  valleys,  as 
now  to  ho  seen.  The  valleys  themselves,  as  we  have  shown,  are  related  to 
the  hroad  structure  of  the  district,  and  hy  far  the  greater  part  of  the  erosion 
was  accomplished  before  the  Glacial  period. 

I  This  of  course  implies,  what  is  otherwise  amply  demonstrated,  that 
under  the  present  conditions  erosion  is  almost  completely  checked.  See 
Barker,  Notes  on  Suba^rial  Erosion  in  the  Isle  of  Skye,  &eoI.  Mag,,  1899, 
pp.  485-491. 
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to  those  parts  of  the  luountainB  in  which  the  eH*ect8  of  differential 
weatherings  are  clearly  exhibited. 

While  the  dominant  rock  is  gabbro,  there  are,  ae  we  have  seen, 
numerons  enclosed  patches  of  the  volcanic  group.  In  ita  highly 
metamorphosed  state  the  basaltic  lava  is  not  greatly  inferior  to  the 
gabbro  in  its  resistance  to  destructive  agents.  Sometimes  the 
gabbro  stands  out  in  relief  from  it,  or  the  basalt  may  give  rise  to 
a  depression  in  a  ridge,  as  for  instance  on  the  col  connecting 
Sgflrr  Thuilm  with  Sgilrr  a'  Mhadaidh;  but  elsewhere,  as  on  Sgilrr 
nan  Gobhar,  the  basalt  even  forms  salient  features,  and  it  builds 
several  of  the  anmniite,  notably  those  of  Sgilrr  Alaisdair,  Sgilrr 
Tearlach,  and  Sgilrr  Mhic  Choinnich,  which  are  among  the  highest 
peaks  of  the  C'uillins.  This  metamorphosed  basalt,  however,  with 
close  texture  and  splintery  fracture,  disintegratea  in  a  different 
manner  ironi  the  gabbro,  and  it  affords  less  secure  holds  for  hand 
and  foot.  In  this  latter  respect  tlie  gabbro,  above  the  limit  of 
ice-moulding,  offers  remarkable  facility  to  climbers.  It  is  even 
surpassed  in  some  places  by  the  picrite  and  jjeridotite  group,  owing 
partly  to  the  extreme  hardness  and  toughness  of  those  rocks,  partly 
to  the  pitted  or  embossed  surfaces  which  they  often  present  owing 
to  the  weathering  of  xenoliths.  The  relation  of  the  form  of  the 
ground  to  these  ultrabasic  rocks  is  rather  peculiar.  The  large 
laccolitic  intrusion  builds  the  prominent  peak  known  as  Sgilrr 
Dubh  na  Dabheinn,  overlooking  the  tarn  of  Coir'  a'  Ghrundda;  but 
the  prolongation  of  the  same  mass,  both  eastward  and  northward, 
has  been  excavated  into  valleys,  This  seems  to  be  connected  iivith 
the  very  prounounced  banded  structure  of  the  rocks,  both  in  An 
Garbh-choire  and  in  Coireachan  Ruadha,  which  has  hastened  their 
erosion.  Where  banding  is  absent  or  inconspicuous,  the  rocka 
always  form  prominent  features,  as  is  well  seen  in  An  Sgilman 
and  in  the  easterly  spur  of  Sgilrr  na  Banachdich,  the  one  due  to  a 
boss  and  the  other  to  small  laccolite  of  picrite. 

It  is,  however,  to  the  intrusive  sheets  and  dykes,  which  travereo 
gabbro  and  basalt  alike,  that  the  monntains  owe  some  of  their 
most  difltinctivQ  characters.  In  particular,  the  remarkable 
appearance  of  stratification  often  conspicuous  npon  the  outward 
slopes  is  due  to  their  being  seamed  by  innumerable  parallel  sheets 
of  dolerit«  and  basalt.  These  rocks  are  of  very  durable  nature, 
and  are  not  often  weakened  by  cross-jointing  like  the  sills  of  the 
moorland  country,  so  that  they  very  frequently  show  in  relief  even 
against  the  gabbro.  Elsewhere  they  have  weathered  more  rapidly; 
but  in  either  case  they  give  rise  to  ledges  running  along  the  steep 
elopes,  and  in  places  these  assume  something  of  the  character  of  a 
rude  series  of  steps.  This  is  seen  on  the  ontward  elopes  of  the 
mountains  only,  becanse,  as  we  have  noticed,  the  intrusive  sheets 
constantly  dip  inward. 

The  shapes  of  the  ridges  in  different  parts  of  the  gabbro  tract, 
and  the  marked  difference  often  apparent  between  the  opposed 
slopes,  depend  largely  upon  the  direction  of  dip  of  the  intruded 
baeic  eheeta  and  the  angle  which  the  trend  of  the  ridge  makes  with 
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the  strike  of  the  sheets.  For  example,  in  that  part  of  the  main  or 
western  range  which  comprises  Sgdrr  Dearg,  Sgtirr  na  Banachdich, 
and  SgtiiT  a'  Ghreadaidh  the"  general  direction  coincides  with  the 
strike  of  the  inclined  basic  sheets.  Here  the  actual  crest-line  is 
usually  made  by  one  of  the  strong  sheets  of  dolerite,  dipping  to  the 
east  in  a  perilous  slope  and  then  breaking  away.  The  western 
slope  is  often  steep,  but  is  in  many  places  rudely  terraced  at  short 
intervals  by  ledges,  which  dip  inward  and  afford  secure  *  traverses ' 
to  the  mountaineer.  The  eastern  slope  is  in  places  extremely 
precipitous,  and  where  this  is  not  the  case  the  climber  encounters 
broad  slabs  of  smooth  rock  dipping  outward  and  offering  only 
precarious  holds.  These  slabs  are  sometimes  the  surface  of  an 
intruded  sheet,  more  often  a  surface  of  gabbro  from  which  such  a 
sheet  has  broken  away.  Approach  is  thus  more  diflBcult  from  the 
Coruisk  than  from  the  Glen  Brittle  side.*  The  character  of  the 
interior  or  eastern  slope  varies,  however,  according  as  its  inclination 
in  different  parts  is  greater  or  less  than  the  dip  of  the  sheets.  The 
outcrops  of  a  group  of  strong  sheets  exposed  at  their  upper  edges 
may  occasion  a  short  and  irregular  subsidiary  ridge  parallel  to  the 
main  one,  or  a  bold  easterly  spur  may  have  a  summit  encircled  by 
the  outcrops  of  a  group  of  sheets.  This  later  is  illustrated  by  the 
fine  peak  known  as  Sgdrr  a'  Coir'  an  Lochain,  which  may  be 
contrasted,  e,g,  with  Sgdrr  nan  Gobhar,  a  westerly  spur  of  the 
main  range,  where  no  such  arrangement  is  possible.  On  the  main 
range  itself  too  is  found  here  and  there  an  abrupt  prominence, 
formed  either  by  a  small  outlying  portion  of  a  strong  inclined 
sheet  or  by  an  outlier  of  gabbro  resting  on  such  a  sheet.  Examples 
are  seen  on  the  northern  peak  of  Sgdrr  a*  Ghreadaidh  and  on 
Bidein  Druim  nan  Bamh. 

Corresponding  with  this  part  of  the  main  range,  but  on  the 
opposite  edge  of  the  gabbro  tract,  is  the  Blaven  range,  which  from 
the  scenic  as  from  the  geological  standpoint  must  be  regarded  as  an 
integral  part  of  the  Cuillins.  Here  the  intrusive  sheets  dip  in  the 
opposite  direction,  i.e.  still  towards  the  interior  of  the  tract,  and  the 
physical  aspect  of  the  mountains  is  in  accord  with  this  structure. 
Blath-bheinn  itself  on  its  steep  western  face  has  a  steady  slope 
(about  40°)  nearly  coinciding  with  the  dip  of  the  inclined  sheets, 
and  in  consequence  this  face,  disregarding  for  the  present  two  or 
three  deep  gullies,  has  a  very  simple  character.  The  same  is  true  of 
the  Clach  Glas  portion  of  the  ridge,  farther  north,  although  there 
the  summit  is  more  precipitous,  so  that  the  outcrops  of  the  sheets 
encircle  it.  The  eastern  side  of  the  range  is  much  more  diversified 
in  character,  and  is  easier  of  access  for  reasons  already  pointed  out 
{see  Plate  XIV.). 

In  contrast  with  the  above,  we  may  look  at  that  portion  of  the 
Cuillin  ridge  which  constitutes  Sgiirr  a'  Mhadaidh,  where  the 
general  trend,  nearly  E.-W.,  runs  athwart  the  strike  of  the  inclined 
sheets.      Here  there  is  no  continuous  crest-line.     The  ridge  is 

*  This  observation  applies  to  the    peaks  themselves.     Approach  to  the 
passes  is  often  easier  from  the  east,  at  least  where  extensive  screes  occur. 
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broken  into  a  succession  of  small  peaks,  each  presenting  an  abi-upt 
drop  towards  the  west  and  a  steady  slope  towards  the  east,  the 
latter  ahvays  tending  to  coincide  with  the  dip  (about  40°)  of  tlie 
iiitrufiive  sheets  to  which  this  diapoaitiou  is  traceable.  On  the 
flanks  of  the  mountain  the  same  sheets  are  seen  as  ledges  running 
obliquely  down  to  the  left  as  seen  from  Tairneilear  (Plate  XV.),  or 
the  right  as  seen  from  Coir'  an  Uaigneis  (frontispiece).  The  same 
structure  is  exhibited  on  a  ruder  scale  in  Sgflrr  Dubh,  and  again, 
with  some  modification,  in  other  E.-W.  ridges  snch  as  those  of 
Sgdrr  Sgflmain  and  Sgflrr  nan  Gobhar.  In  these  latter  examples 
alternations  of  basaltic  lava  with  gabbro  also  contribute  to  the  effect. 
It  is  to  be  noticed  generally  that  the  intercalated  patches  of  basaltic 
lavas  and  agglomerates  have  in  most  cases  the  same  inward  dip  as 
the  iuclin«l  sheets,  though  not  always  in  precise  parallelism  with 
them.  It  follows  that  where  the  occurrence  of  such  enclosed 
patches  has  given  rise  to  evident  surface-featares,  these  are  in 
general  agreement  with  the  stmcture  impressed  npoii  the  mountains 
by  the  inclineil  sheets.  Gara-bheinn  affords  the  best  illustration  of 
this.  On  the  sonth-easterly  ridge  of  this  mountain,  and  in  the 
shape  of  Coire  Beag  and  Coir'  a'  Cliruidh  immediately  adjacent,  the 
general  effect  of  a  stratified  group  of  rocks  is  very  couspicuoua,  and 
is  clearly  indicate  on  the  topographical  map. 

Not.  less  important  than  the  intrusive  sheets  aa  regards  their 
part  in  controlling  the  erosion  of  the  gabbro  tract  are  the  dykes. 
The  only  dykes  which  consistently  make  features  in  relief  are  the 
few  comjMjsod  of  peridotitea  on  Sgflrr  Dearg,  Sgilrr  na  Banachdich, 
etc.  The  ordinary  basic  dykes,  and  especially  the  latest  ones  which 
intersect  the  intrusive  sheets  as  well  as  tlie  gabbro,  tend  always  to 
betray  their  presence  by  weathering  out  into  depressions.  In  this 
\va3'  arise  most  of  the  deep  giilleys  which  furrow  the  steep  sides  of 
the  mountains,  and  become  in  wet  weather  the  ch^nels  of 
mountain  torrents.  Less  commonly  a  platform  of  gentler  slope 
is  trenched  by  a  straight  water-course  of  like  origin,  such  as  the 
deep  gorge  which  drains  Coir'  a'  Bh&steir,  north  of  Sgflrr  nan 
Gillean.  Sometimes  the  gullies  are  confined  to  the  actual  slopes, 
bnt  very  often  they  pass  up  into  gaps  in  the  ridge  and  are  con- 
tinued on  the  opposite  side.  Many  deep  notches,  such  aa  that 
which  divides  the  twin  peaks  of  Blath-bheinn  and  that  named 
An  Bonis  (the  door)  between  Sgilrr  a'  Mhadaidh  and  Sgitrr  a' 
Ghreadaidh,  have  originated  by  the  weathering  out  of  dykes  or 
groups  of  dykes.  Distinct  peaks,  such  as  these  which  form  Bidein 
Druim  nan  Eamh,  owe  their  individuality  in  large  measure  to  their 
being  divided  and  cut  off  by  dyke-notches ;  and  it  is  in  this  way 
that  the  north-easterly  ridge  of  Sgflrr  nan  Gillean  is  divided  into 
a  succession  of  graceful  pinnacles  (Plate  XVI.).  ITiis  latter  and 
the  much  broken  arete  extending  westward  from  the  same  peak* 
are  instances  of  ridges  in  the  most  apt  position  to  display  such 
breaches  of  continuity,  since  they  run  nearly  at  right  angles  to 
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the  dominant  set  of  dykes  in  their  neighbourhood.  In  most  of 
the  other  minor  ridges,  however,  the  tendency  is  for  the  trend  to 
follow  the  direction  of  the  principal  set  of  dykes.  This  is  well  seen 
in  snch  small  spurs  as  those  running  out  from  Sgflrr  a'  Ghreadaidh, 
and  especially  in  the  Sgflrr  na  Fheadain  lidge  which  runs  out  from 
Bidein  Druim  nan  Ramh  towards  Coire  na  Creiche  (PI.  XV.). 
Even  the  long  north-westerly  ridge  of  Bruach  na  Frithe  seems  to 
have  had  its  direction  determined  in  some  measure  by  the  dykes. 
In  a  few  places  the  breaking  away  of  a  dyke  parallel  to  a  ridge 
has  occasioned  for  a  short  distance  a  vertical  precipice.  A  more 
remarkable  case  is  that  of  the  isolated  rock  near  the  summit  of 
Sgflrr  Dearg  known  to  climbers  as  the  "Inaccessible  Pinnacle." 
This  is  a  relic  of  a  wall-like  mass  of  gabbro  bounded  on  the  two 


FiQ.  82. — The  "  Inaccesniblc  Fionacle"  of  Sgiirr  Deaif;,  seen  from  near  the 
euminit-cairn.  In  the  backKromid  the  oulliiies  of  Sglin  Sgiimain  (right) 
and  Sgurr  a'  Coir'  on  Lochaiii  (luft). 

sides  by  parallel  dykes  which  have  broken  away.  Since  it  is  also 
of  the  nature  of  an  outlier  upon  a  strong  inclined  sheet  of  dolerite, 
and  is  extremely  precipitous  at  the  end  facing  the  mountain,  its 
shape  is  a  singularly  striking  one  *  (Fig.  82). 

We  see  that  the  dykes,  like  the  ineliued  sheets,  produce  different 
effects  according  to  their  angle  with  the  trend  of  the  ridges.  Other 
variable  elements  which  enter  are  the  comparative  frequency  of 
the  dykes  in  different  parts  of  the  area  and  the  occurrence  in 
some  parts  of  two  or  three  distinct  sets  of  dykes  differing  in 

*  The  height  of  the  pmnacle  la  about  60  feet,  reckoned  at  the  "  short  end," 
bat  the  ascent  b;  the  "long  end  "  ia  about  150  feet.  It  overtops  the  auiumit- 
cairu  by  quite  20  feet,  and  is  a  conspicuoue  object  tu  a  distant  view. 
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iJirectioii.  The  main  ridges,  connected  as  they  are  with  the 
(lofomiatioD  of  the  gabbro  laccolite,  must  have  been  outlined  from 
All  early  stage  in  the  erosion  of  the  region.  Starting  from  this 
rough  plan,  the  existing  surface-relief  has  been  developed  largely 
with  reference  to  the  two  leading  structural  elements  which  have 
been  noticed,  the  intrusive  alieets  and  the  dyhea.  To  the  pre- 
dominance of  one  or  other  of  these  elements,  and  to  the  ever- 
varying  combination  and  interaction  of  the  two,  most  of  the 
mountain-scenery  of  the  Cuillins  in  its  ultimate  analysis  reduces. 
The  noteworthy  features  in  the  landscape  which  do  not  fall  under 
these  heads  are  few.  The  behaviour  of  the  rocks  of  the  peridotite 
group  has  already  been  alluded  to;  and  we  may  also  recall  certain 
sjiecial  acid  intrusions  described  on  pp.  287,  288,  which  have 
iHtcasioned  the  gap  occupied  by  the  "Alaisdair  Stone-shoot" 
(Kig.  83)  and  the  passes  of  Coire  Labain  and  Coir'  a'  Ghmnnda. 
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Flu.  83. — Outliuea  of  the  Alaisdair  group  of  monntdinB,  seen  from  I 
Deaig.  The  highest  point  i«  Sgirr  Alaisdair  (3275  feet),  separated 
its  neighbour,  Sgfirr  Tearlach,  by  the  great  Btone-shoot.      •"•>'■ 


SgiiTr  Mhic  Choinnich,  aud  to  the 
^main  with  the  outline  of  Sgitir  -- 


To  the  left  is 
>ht  the  broken  ridge  of  Sgiur 
•behind. 


The  great  toughness  and  strength  of  the  gabbro  itself  is  shown 
by  the  steepness  which  the  mountain-sides  may  attain  without 
breaking  into  precipices.  The  usual  inclination  of  long  continu./nB 
slopes  varies  from  35°  to  40^,  but  on  some  of  the  minor  ridges, 
such  as  Druim  nan  Ramh  and  SgtiiT  na  Stri — still  excluding  actual 
precipices — the  angle  of  slopes  more  than  1500  feet  high  reaches 
45°  or  even  50".  The  ordinary  slopes  of  the  Cuillins  are  too  steep 
either  for  screes  or  for  vegetation,  and  accordingly  the  mountains 
consist  in  general  of  naked  rock.  The  colour  is  derived  from  the 
augite  of  the  gabbro,  and  ranges,  with  varying  conditions  of 
moisture  and  light,  through  every  tone  of  purple ;  deepening  to  a 
velvety  black  in  glimpses  caught  through  a  wrack  of  mist  or 
brightening  to  burnished  copper  under  the  level  rays  of  a  cloud- 
less sunrise.  The  sterility  of  the  mountains  is,  however,  relative 
rather  than  absolute.  Even  at  3000  feet  and  higher  the  narrow 
ledges  and  crevices  nourish  in   places   a   small   flora   of  Alpine 
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habitat/  or  even  a  scanty  herbage  which  tempte  the  sheep  from 
Glen  Brittle  to  high  up  on  some  of  the  less  difiScult  slopes  and 
ridges.  Permanent  springs  may  occur  up  to  as  much  as  2500 
feet  altitude,  and  there  are  some  very  copious  ones  at  about  the 
2000  feet  line. 

The  granite  mountains  do  not  require  very  detailed  notice.  The 
large  body  of  granite,  granophyre,  etc.,  from  which  the  majority  of 
the  Bed  Hills  are  carved  out  has,  as  we  have  seen,  the  general 
form  of  a  great  sheet  or  laccolite.  It  is,  however,  much  more 
irregular  in  its  behaviour  than  the  gabbro  of  the  Cuillins,  and 
we  are  not  able  to  trace  out  so  close  a  correspondence  between 
the  broad  features  of  the  existing  relief  and  the  shape  of  the  large 
plutonic  mass.  Nevertheless  it  appears  that  the  western  range 
of  the  Bed  Hills,  from  Buadh  Stac  and  Marsco  to  Glamaig, 
corresponds  with  an  anticlinal  curve  in  the  granite  mass,  while 
Loch  Ainort  and  the  surrounding  low  ground  coincide  with  a  broad 
syncline. 

The  smooth  slopes  and  flowing  curves  of  the  Bed  Hills  are  in 
strong  contrast  with  the  acute  summits  and  deeply  indented  ridges 


Fig.  84. — Contrasted  outlines  of  the  gabbro  and  the  ^anite,  as  seen  from  Cnoc 
Ckmacb.  To  the  left  is  the  Blaven  range,  with  the  southern  Cuillins 
beyond  and  the  basaltic  plateaux  of  An  Dk  Bheinn  and  An  Stac  in  front. 
To  the  right  are  the  most  easterly  of  the  Red  Hills,  viz.  Beinn  Dearg  Bheag, 
Beinn  Dearg  Mh6r,  and  Beinn  na  Caillich. 

of  the  Cuillins  (Pig.  84),  and  the  reason  of  this  difference  is 
manifest.  Just  as  the  diversity  of  form  in  the  gabbro  mountains 
results  from  the  complexity  of  their  structure  and  the  infinitude  of 
sheets  and  dykes  intersecting  the  dominant  rock,  so  the  simplicity 
of  the  surface-relief  in  the  other  case  is  mainly  referable  to  the 
uniformity  of  geological  constitution  and  the  paucity  of  minor 
intrusions  or  other  interruptions  of  the  granite.  Dykes  are  com- 
paratively infrequent,  and  the  inclined  sheets  of  dolerite,  which 
figured  so  prominently  in  the  gabbro  mountains  are  absent. 

The  variety  of  lithological  characters  met  with  among  the  acid 
rocks  themselves  is  not  often  of  a  kind  to  express  itself  in  the 
physical  aspect  of  the  ground,  but  instances  of  this  kind  might  be 
cited ;  notably  the  precipice  of  Fiaclan  Dearg,  on  Marsco,  formed 

*  Among  the  common  species  are  Anifyis  petrcea,  SUene  acatUis,  S.  inflata, 
Cercutium  cdpinum,  AlcnemUla  oZjnna,  Geum  HvcUe^  Sedum  rhcduAa^ 
Saxifraga  steUaris,  S.  oppositifolia,  Antennaria  dioica,  Vaceinum  myrtiUui, 
Loiseleurea  procumbens,  and  Oxyria  reniformis. 
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by  a  rock  with  marked  columnar  Btrncture  (see  Plate  VITI.,  abovu) .• 
As  a  rule  any  conspiciioiis  departure  from  the  chai-acteriatic  sniootb- 
neas  of  outline  (apart  from  glacial  cirques)  is  occasioned  either  by 
eiicIoBed  patches  of  older  rocks  or  by  younger  dykes.  The  sheet  of 
inarscoite  which  forms  Sriin  a'  Bhealain  has  already  been  mentioned 
(see  Fig.  37,  p.  1 88).  In  one  or  two  places,  ae  on  the  north-western 
§Iop6  of  Ruadh  Stac,  small  enclosed  patches  of  gabbro  make  slight 
features  j  while,  on  the  other  hand,  strips  of  gabbro  impregnated 
by  granophyre  give  rise  to  gullies,  such  as  that  on  the  north-west 
face  of  Marsco  and  that  which  crosses  Druim  Eadar  da  Choire. 
The  rough  northern  half  of  the  Beiim  iia  Cro  ridge  is  made  by  an 
tniclosed  patch  of  basalt  lavaa.  with  a  thick  aheet  of  gabbro  below, 
which  builds  some  prominent  bnttrcases  at  the  northern  end. 
Another  place  where  a  considerable  patch  of  the  lavaa  nialcee  a 
noteworthy  feature  is  Meallan  a'  Bhealaich  Bhric,  on  the  cast  side 
of  the  Tormichaig  valley,  but  this  seema  to  be  rather  an  exposed 
inlier  than  a  portion  truly  detached  and  euveloped. 

The  basalt  dykes  which  traverse  the  Red  Hills  weather  out  in 
relief  against  the  gi-anite.  For  this  reason,  but  still  more  on 
account  of  their  dark  colour,  they  are  conspicuous  from  a  distance ; 
e.g.  on  Beinn  Dearg  Mheadhonach  as  seen  from  Marsco,  or 
Be  inn  Dearg  Mli6r  from  Sligachan.  Sometimes,  as  in  Allt 
na  Meaaarrgch,  to  the  north  of  Marsco,  they  have  determined 
the  course  of  a  stream,  but  the  channel  is  cut  by  the  side  of, 
not  along,  the  dyke.  In  one  place  only,  viz,  on  Beinn  na  Caillich, 
facing  Broadford.  does  a  dyke  in  the  granite  cause  a  strong  feature : 
it  is  one  of  the  large  diabase  dykes  of  solitary  habit  (Fig.  5,  p.  17). 

The  granite  hills  at-e  not  only  lower  than  those  built  of  gabbro, 
but  they  are  also  less  steep.  The  inclination  of  a  long  unbroken 
slope  may  rise  to  30",  but  never  exceeds  this  by  more  nian  two  or 
three  degrees.  When  it  declines  a  little  below  this,  it  falls  within 
the  angle  of  repose  of  loose  material,  and  accordingly  many  of  the 
slopes  are  encumbered  by  screes.  The  Red  Hills  also  support 
vegetation  much  more  than  the  Cuillins  do,  a  result  mainly  of  the 
more  facile  decay  of  the  rock-surface.  The  rounded  summits  and 
ridgee,  when  not  grassed  over,  often  have  a  thin  layer  of  coarse 
quartz-sand  derived  from  the  subaerial  waste  of  the  granite. 
Whether  consisting  of  naked  granite  or  covered  by  screes  of  the 
same  material,  the  slopes  show  something  of  the  "  red "  tint 
implied  in  the  name  of  these  hills  ;  but  the  colour  is  very  change- 
able, varying  from  a  cold  greyish  yellow  in  the  dry  days  of  early 
summer  to  a  fiery  crimson  under  an  autumnal  sunset.  Permanent 
springs  are  not  found  so  high,  either  absolutely  or  relatively,  as  in 
the  gabbro  mountains. 

To  the  east  of  the  large  area  of  granite  smaller  intrusions  in  the 
form  of  bosses  have  caused  the  eastern  Red  Hills  (Beinn  na 
Caillich   and  its   neighbours)  and  the   more   isolated   Beinn   an 

*  In  the  large  acid  intruaionB  of  the  Western  lalea  generally  any  pronounced 
columnar  jointing  seems  to  be  rare.  The  best  examples  are  Ailsa  Craig  and 
the  west  coast  of  Rum. 
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Dubhaich.  We  have  pointed  out  that  the  prominence  of  the 
former  is  partly  due  to  bounding  faults.  This,  being  a  comparat- 
ively broad  tract  of  granite,  is  trenched  by  deep  corries  and 
divided  into  three  distinct  hills ;  while  the  other  boss,  of  narrow 
elongated  form,  has  given  rise  to  a  simple  unbroken  ridge.  It 
may  be  enquired  why  the  gabbro  boss  north-west  of  Broadford  has 
not  caused  any  noteworthy  eminence.  On  this  question  we  may 
remark  that  there  is  no  evidence  of  the  intrusion  having  ever  been 
prolonged  upward  with  the  boss  form.  At  a  short  distance  above 
the  present  surface  of  the  ground  it  would  pass  from  the  Cambrian 
limestones  to  the  Torridon  Sandstone,  and  it  is  probable  that  it 
would  then  change  to  an  irregular  sheet  of  no  great  magnitude,  as 
indeed  it  is  actually  seen  to  do  at  its  northern  extremity,  on  Creag 
Strollamus. 

The  granophyre  hills  of  Cam  Dearg,  Beinn  a'  Mheadhoin,  and 
Beinn  a'  Chaim  reproduce  on  a  small  scale  some  of  the  features  of 
the  Red  Hills.  The  other  composite  sills  of  the  Cnoc  C&mach 
group  give  rise  to  more  or  less  marked  ridges,  the  more  constant 
and  massive  acid  rock  being  more  in  evidence  in  the  thicker  sills 
and  the  more  durable  basalt  in  the  thinner.  The  numerous  dykes 
which  intersect  the  Cambrian  limestone  series  are  remarkable  for 
the  prominent  fashion  in  which  they  stand  out,  often  presenting 
the  appearance  of  stone  walls  two  or  three  feet  high.  A  few,  such 
as  the  large  multiple  dyke  which  runs  S.E.  from  Loch  Kilchrist, 
have  given  rise  to  very  noticeable  ridges.  The  dykes  in  the  Lias 
are  not  often  so  prominent,  except  on  the  sea-shore,  e,g,  about 
Broadford,  where  they  sometimes  rise  five  or  six  feet  above  the  soft 
shaly  and  calcai*eous  strata.  When  we  have  recalled  the  volcanic 
agglomerate  of  the  Strath  vent,  which  in  the  low  broken  hills  over- 
looking Loch  Kilchrist  presents  a  very  characteristic  appearance, 
we  have  almost  exhausted  the  scenic  aspects  of  the  Tertiary  igneous 
rocks  in  Skye. 
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BIBLIOGRAPHY  OF  THE  TERTIARY  IGNEOUS 

ROCKS  OF  SKYE. 


[This  list  is  meant  to  include  all  the  more  important  works  dealing 
exclusively  or  partially  with  the  Tei*tiary  Igneous  Eocks  of  the  island  : 
mere  compilations  are  excluded,  and  incidental  references  are  cited  only 
when  they  are  deemed  to  be  of  some  importance.  In  addition  to  general 
geology,  petrology,  and  mineralogy,  a  few  entries  are  given  which  have 
to  do  with  allied  subjects,  such  as  metamorphism,  rock -magnetism,  the 
topography  of  the  mountains,  etc. 

Papers  contributed  to  Societies  are,  as  far  as  possible,  entered  under 
the  date  of  reading,  that  of  publication  being  given  after  the  entry.] 
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MDCCLXXIL,  4to,  pp.  viii  +  379,  pi.  XLIV. ;  Chester,  1774 
[and  later  editions].  For  extracts  from  other  early  travellers 
see  W.  Douglas,  '*  Early  Descriptions  of  Skye,"  Scott.  Mount, 
Club  Joum,,  vol.  v.,  pp.  205-230 ;  1899. 

1800. 

2.  Robert  Jameson.    Mineralogy  of  the  Scottish  Ides  ;  with  Minend- 
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the  Mainland  of  ScoiUmd,  and  Dissertations  upon  Peat  and 
Kelp.  2  vols.  4to,  pp.  xxvii  +  243,  iv  -f  289 ;  Edinburgh, 
1800.  [A  German  translation  by  Heinrich  Wilhelm 
Meuder,  under  the  title  Herr  Robert  Jameson's  Mineralogische 
Beise  dwrch  Schottland  und  die  Schottischen  Inseln.  .  .  . 
1  vol.  4to,  pp.  xlviii  +  257 ;  Leipzig,  1802.] 

1808. 
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1811. 
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.  John  MacColukh.      List  of  the  liocalitiee  of  some  of  the  nret 

Scottish  Minerals.    Sdin.  Joum.  Sci.,  vol.  ■.,  pp.  226-236; 
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Bibliography.  455 

1828. 

16  Adam  Sedgwick  and  Rodsbick  Impet  Murchison.  On  the 
Structure  and  Relations  of  the  Deposits  contained  between  the 
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EXPLANATION  OF  PLATES  XVII.  to  XXVH. 


PLATK  XVIL 

1. 1.  X  20.  Olivine-bMalt  km,    abore  aidLooUHniMt   BtM^  B.  of 

FOrtTM:  ahow&ig  oUriiu  indued  hy  a  niiMnl  aon^«i«bl> 

vitit  iddingntei    Swp.  S4. 

i.  2.  [8772]  X  2a  (flrriiw-bMRtt  kn,  Bndha  Bnidke,  omt  Bno^ 

S.  «  Foctrae:  diowinff  uioliier  tope  of  paeadonranli  «fUr 

oBrtA    8eep.U. 

I.  S.  X  401  HunMbmotozeB  of  the  fauiD  Iatm. 

A.  [8186]  •'OnsaHtie"  stzuoton  in  olmne-buih, 

ant  ADt  ffoonflraMbd,  Dryioet; 

See  pp.  31, 88. 

S.  [H4S]  Ophitic  rtnictuw  in  hypentliene-basBlt,  lower  part  of 

AlH  Denrg  Hdr,  ueu-  SHgwdao.   A  bHstite  pseudomorph 

-    «fler  hTpenthane  ftppean  in  tbe  lower  left-liiuid  corner. 

See  pp. »,  88. 

C.  Oorikr  »tnwtqre  in  biMlt  at  fane  «[  group,  S.  of  SgUnr  n&n 

Eadi :  ft  tjp*  ri^  in  ftogite  and  nitbout  olivine.     ~ 
p.  87. 

D.  fSSSS]  Hiorolitio  Btnwlnire  in  ftn^ite-andesite,    B.    coo«t 

Boalpftj :  the  angite  is  moatly  cbloritised. 

I.  i.  [7460]  X  1 0.  Metamorphoeed  amygdole  in  basalt,  cloae  to 
gr&nite  on  E.  side  of  Blath-bheinn ;  showing  a.  cryBtellJno 
aggre^te  of  new  plagioclase  felspar,  partly  with  radiate 
grouping,  replacing  seoUtee.    See  p.  51, 

I.  5.  [2700]  X  10.  MetamorphoBed  amygdule  in  basalt,  near 
granite,  Creagan  Dubha,  N.  of  Beinn  Dearg  Mh&r  (of  Strath) : 
showing  a  granular  crystalline  aggregate  of  new  felspar, 
derived  from  zeolites,  with  a  border  of  epidote  grains.  See 
pp.  51,  S2. 

PLATE  XVm. 

I.  1.  [8731]  X  20.  Highly  metamorphosed  amygdaloidal  basalt,  near 
gabbro,  N.E.  of  An  Sgiimnn.  The  rock  is  completely  re- 
constituted, and  presents  the  appearance  of  some  so-called 
pyroxene-gmnulites.  The  figure  shows  part  of  an  amygdule, 
now  consisting  of  alternate  Kones  of  augite  and  felspar.  See 
pp.  52,  53. 

I.  2.  [9238]  X  20.  A  north  ite-oli  vine  rock  (troctolite)  in  the  perido- 
tite  group,  lower  part  of  An  Qarbh-choire :  consisting  simply 
of  olivine  and  anmi:hite,  the  latter  often  traversed  by  numer- 
ous fine  fissures,  which  radiate  from  the  olivine  grains.  See 
p.  73. 


nek  aaalyMO. 

lower  part  of  ^^M 

;  pseudomorph  ^^M 

>bujid  comer.  ^^M 

of  SgUrr  nan  ^^| 

olivine.     See  ^^| 

a,    coast    of  ^^M 

Bee  p.  37.  ^| 


PLATK    XVII. 


Fio.  1,  Me uiiiorphoKit  «iuyi[duls. 


f^Q    ^   VlHjUODT^IUlHA.KnVj'^'^ 


PLATK  XVIir. 


1-10.1.  HiBhl)mtu.i 


nu.  S,  IHilUgE-nrni'tun:. 


Flu.  4.  EnlBrg*diihein-.Tj.t 


PLATE  XIX. 
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Fio.  3.  [8705]  X  20.  Enstatite-anorthifce-rock  (norite)  in  the  peridot- 
ite  group,  N.  of  Sgtirr  a'  Coir'  an  Lochain,  near  Coruisk. 
The  chi^  constituents  are  enstatite  and  anorthite,  the  latter 
interstitial  to  the  former.  At  the  bottom  of  the  figure  is  a 
crystal,  half  of  enstatite,  half  of  diallage,  and  immediately  to 
the  left  of  this  a  crystal-grain  of  olivine.     See  p.  74. 

Fio.  4.  [7462]  x  100.  Augite  of  gabbro  on  the  W.  slope  of  Blath- 
bheinn :  showing  the  basaJ  striation,  accentuated  by  a  fine 
''  Schiller  "  structure,  and  combined  with  the  orthopinacoidal 
twin  to  give  the  "  herring-bone  "  arrangement.     See  p.  109. 

FiQ.  5.  X  10.  Augite  of  gabbro  at  head  of  Loch  Scavaig  :  showing  the 
prismatic  cleavage  and  diallage  -  structure.  The  latter, 
parallel  to  the  ortJ^opinacoid,  is  developed  only  in  the  idarginal 
portion  of  the  crystal.     See  p.  109. 

Fio.  6.  [7849]  x  10.  Foliated  gabbro  in  the  banded  part  of  the  groups 
Druun  an  Eidhne:  showing  a  parallel  orientation  of  the 
component  crystals.     See  p.  119. 

PLATE  XIX. 
Fio.  1 .  Graphic  structures  in  granophyres ;  X  40,  crossed  niools. 

A.  Roadside  E.   of    Strollamus   Bridge :    showing    micrographic 

intergrowth  of  striated  oligoclase  and  quartz,  and  in  the 
upper  part  of  orthoclase  and  quartz,  in  connection  with  an 
orthoclase  phenocryst.     See  p.  161. 

B.  Glas-Bheinn  Bheag,  near  margin  of  intrusion  :  showing  part  of 

a  single  spherulite  with  the  gradation  from  a  crypto- 
graphic structure  near  the  centre  of  growth  to  a  visibly 
micrographic  towards  the  periphery.     See  p.  281. 

Fio.  2.  [2667]  X  40.  Granophyric  granite,  Marsco:  showing  a  rude 
micrographic  growth  round  a  grain  of  quartz.     See  p.  162. 

PLATE  XX. 

Fig.  1.  [8962]  x  20.  Gabbro  partially  fused  and  injected  by  the 
granite  magma,  gully  on  the  N.W.  face  of  Marsco.  The 
minerals  shown  are  felspar,  partially  destroyed  augite,  greenish 
brown  hornblende,  magnetite,  apatite,  and  some  interstitial 
Quartz.  Of  the  original  constituents  of  the  gabbro  there 
remain  relics  of  augite  and  some  of  the  large  crystals  of 
labradorite.    See  p.  182. 

Fio.  2.  [5344]  x  30.  Phenocryst  of  micropegmatite  in  spherulitic  dyke, 
Druim  an  Eidhne.  It  has  served  as  the  starting-place  for 
subsequent  spherulitic  growths.     See  p.  284. 

Fig.  3.  [8694]  x  40.  Granite  modified  by  absorption  of  gabbro 
material,  S.E.  ridge  of  Marsco.  The  figure  shows  aggregates 
composed  of  greenish  brown  hornblende  with  little  scales  of 
biotite,  larger  flakes  of  biotite  enclosing  apatite,  and  irregular 
grains  of  magnetite.  The  rest  is  of  quartz,  oligoclase,  and 
orthoclase.    See  p.  184. 


4M  aPftmttHM  tflfatta  XTU.  U  XXVIt 

Wm,  4.  [8188]  It  Ml  Ponhnttte  OUniw-Dolarite^  dyke  on  Boiiwnl. 
tm  milai  H  of  DKyiuNih:  dwrwing  &  ttUKptr  phenomrit 
enkniad  tw  a  lattr  oowth  with  onittlliM  omttiiiDita.  See 
p.S». 

no.  S.  [87831  X  fiO,  croMad  nioola.  ^dmulito  in  ^tdutoiw,  W.  Cm* 
of  QMOMig :  ahowing  »  oonocntria  ahdl  Btmcttm.    See  p.  40i/~ 

FIATKX2X 
Fto.  1.  [7561]  X  80.  Sanolith  at  mwMoite  baa  ttte  "^oUed^ 
gnuu^^re  of  Allt  Dexud,  oetr  Sligwihui.  The  fi|pire 
Axm  one  ol  the  krge  bhmdorite  omtw,  moob  flmred,  m  % 
groDDd-mMS  of  hMnUende,  oUgoeuM^  ortboeiuw^  onuti, 
magnetite,  tad  •patit&  Hun  baa  bean  aaou  in^ngnmcn  hjt 
the  Bonoanding  add  ""g"*     Bee  p.  19fi. 

Tta.  i.  [78S8I  x  100.  Aogite  aTstali  rqtlaeed  bf  flbnnu  grven  horn- 
Uende  Andgrantilea  td  nutgnetite,  in  nanooita  htm  the  gul^ 
on  dw  N.  W.  face  of  UamD.    See  p.  186. 

FuL  8.  [998S1  X  100.  Vitrified  Torridtaiian  grit,  in  coatkob  with  ft 
dolente  aiU,  6.  ooaat  ol  Boaf.  Soote  nJJcs  of  qnarta-gralaa 
rentain  in  a  oorroded  iltapft  Tbertatiaaolearouoarkwglas 
encloajng  minnto  (BTStals  of  (xndioite,  magnetita,  and  a 
pfrozouo  minend.    See  p.  346. 

tm.  4.  [9871]  X  80.  Ootrodedxeaocr^tJdigoduei&amalldllafaave 
the  oranpoaite  aill  of  Bodh'  an  Btieanaaioh,  twar  BMadtovd. 
The  oyrtal,  exoept  at  ita  outtro^  is  gntHf  aSboted  Ij  ■awpd- 
ai;  Indnaitmi.  ui  me  [daee  cxnroBon  haa  eaten  awaj  tha 
orjatal,  ftsming  an  inlet  occupied  by  the  gronnd-maaa  with  ita 
amall  telipar  ctTStals.    See  p.  229. 

PLATE  XXII. 

Fio.  1.  [3200]  X  20.  Spherulituc  felcdte,  above  Boreraig:  showing 
dense  radiate  epherulitea,  sometimes  grown  round  quarti 
crystals,  with  ioterspaces  having  a  granular  structure.  See 
p.  281. 

Fio.  2.  [89M]  X  20.  Dolerite,  dyke  at  point  E.  of  the  mouth  of  Allt 
na  fiighinn,  2  miles  W.  of  Kyleakin.  At  the  top  of  the 
figure  18  one  of  the  shapeless  later  felE^utr  ctystals,  enclosing 
numerous  needles  of  apatite.     See  p.  322. 

Fio.  3,  [6389]  X  40,  Part  of  a  large  composite  spberulite  from  an  acid 
dyke  cutting  the  gabbro  of  Druim  an  Eidhne.  Tbe  centre  of  . 
the  spberulite  is  outside  the  figure,  above  and  to  the  right. 
There  are  minor  centres  of  radiation,  which  serves  as  tbe 
apices  of  conical  growths  dii-ected  outward,  the  axes  of  tbe 
cones  conforming  with  the  principal  radiate  arrangement.  One 
such  oone,  cut  along  its  axis,  occupies  the  central  part  of 
tbe  figure ;  wbUe  below,  to  tbe  right,  are  others  cut  at  some 
distance  from  their  axes  so  as  to  present  parabolic  sections. 
The  clear  crystals  are  quartz,  the  opaque  ones  pyrites.  See 
p.  286. 
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Fia.  4.  [7862]  x  20.  Porphyritic  Olivine-Dolerite,  dyke  cutting  the 
granite  of  Oiche  na  Beinne  Deirge,  3  miles  S.E.  of  Sligachan. 
This  represents  the  Beinn  Dearg  type  of  dykes,  and  is  the  rock 
analysed.    See  p.  326. 

Fig.  5.  [6711]  X  20.  Porphyritic  Basalt,  dyke  cutting  Cambrian  lime- 
stone I  mile  S.  by  E.  of  Suardal,  about  2  miles  S.S.W.  of 
Broadford.  This  rock  illustrates  one  variety  of  the  Suardal 
group  of  dykes,  containing  phenocrysts  of  labradorite  and 
grains  of  olivine  in  a  ground-mass  of  smaller  felspars,  abundant 
magnetite,  and  finely  granular  augite.     See  p.  327. 


PLATE  XXIII. 

Fig.  1.  A.  (occupying  three  quadrants)  [8849]  x  40.  Tachylyte,  dyke  ^ 

mile  S.  of  Loch  Ashik,  near  Broadford:  showing  the 
central  part  of  the  dyke,  which  consists  of  a  clear  colour- 
less glass  crowded  with  rods  of  magnetite  in  parallel 
groups.  The  small  clear  spaces  are  amygdules.  See 
p.  349. 

B.  (lower  left-hand  quadrant)  [8846]  X  200.  Basalt,  largely  glassy, 
with  skeleton  crystallites  of  felspar,  central  part  of  a  thin 
dyke  with  tachylytic  selvages,  N.  slope  of  Meall  Odhar 
Beag,  near  Sligachan.     See  p.  345. 

Fig.  2.  x  40.  Spherulitic  or  variolitic  basalt,  forming  a  sheet  at  Oamas 
Daraich,  Point  of  Sleat.     See  p.  347. 

A.  (occupying  three  quadrants)  [7845].     Prevalent  type,  showing 

only  part  of  one  of  the  large  spherulites. 

B.  (lower  left-hand  quadrant)  [7846].        Marginal    modification, 

largely  vitreous,  with  olivine  in  the  form  of  skeleton 
crystidlites. 

PLATE  XXIV. 

Fig.  1.  [8850]  x  150.  Tachylyte,  dyke  J  m.  N.E.  of  Kinloch,  Sleat 
district :  a  quasi-spherulitic  rock.     See  pp.  349,  350. 

A.  Outer  portion  of  one  of  the  large  spherulitic  bodies,  showing 

parallel  rods  of  augite,  with  some  magnetite,  embedded  in 
a  colourless  glass. 

B.  Central  part  of  a  spherulite,  showing  abundant  felspar,  as  well 

as  augite  and  magnetite,  with  a  smaller  proportion  of 
glassy  base. 

Fig.  2.  [6794]  x  20.  Pitchstone,  dyke  in  Allt  a'  Choire,  above 
Coirechatachan,  near  Broadford :  showing  groups  of  crystallites, 
each  surrounded  by  a  clear  ring.  The  turbid  appearance  of 
the  rest  of  the  glassy  mass  is  due  to  a  crowd  of  more  minute 
crystallitic  growths.    See  p.  407. 

Fig.  3.  x  20.  Pitchstone,  E.  slope  of  Ohs  Bheinn  Mhbr;    showing 
perlitic  cracks  surrounding  phenocrysts  of  quartz :  also  groups 
of  crystallites,  each  surrounded  by  a  clear  ring.     See  p.  405. 
2f 
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Fig.  4.  [74791  X  30.  Xenolith  of  quartzit«  from  a  baaic  dyke,  S.  end 
of  Blnth-bheiiin.  Tbe  figiu'e  sliowe  the  quartzite  corroded  by 
the  basic  magma  (lud  an  inlet  occupied  by  radiating  fibres  of 
new-formed  felspar,  probably  oligoclase.     See  p.  353. 

PLAl-E  XXV. 

Fio,  1.  [9372]  X  30.  Porphyritic  Dolerite,  dyke  400  yarda  N.W.  by  N. 
of  Soilpay  House.  Tbe  lower  part  of  the  figure  ahowa  pai-t  of 
one  of  the  circular  felapathic  ni-eas  which  represent  vesicles 
filled  by  the  oozing  in  of  the  residual  magma.     See  p.  331. 

Fia.  2  ;  X  20.  Xenoliths  in  basic  dykes. 

A.  [7483].  Edge  of  gabbro  xenolith  in  ilyke  in  Abhiiinn  nan  Leac, 

Strathaird;  showing  the  earliest  stage  of  breaking  up  by 
the  foiTOation  of  numerous  6ssure9 ;  also  the  development 
of  secondary  Lnclueions  in  both  felspar  and  augite.  Bee 
pp.  356,  361. 

B.  [6716].  Detached  qiiartz-grain  from  granite  senoUth  in  dyke  on 

ridge  N.  of  Ben  Suai'dal,  near  Bi-oadford:  allowing  t ha 
earliest  Htago  of  breaking  op  by  the  formation  of  fissures, 
which  hei'e  tend  to  run  parallel  bo  the  outline ;  also 
incipient  corrosion.  See  p.  356. 
Fia.  3.  X  20.  Basic  dyke  caiTying  granite  xenolitlis,  on  sliore  N.E.  of 
Corry  Lodge,  Broadford.     See  p.  357. 

A.  [6719].  The  normal  dolorile,  where  free  from  foreign  material. 

B.  [6720].  Poi'tion  enclosing  abundant  debris  of  granite,  of  which 

two  detached  quartz-gniins  ore  shown,  each  with  its 
corrosion -border  of  granular  augite.  Tlie  matrix,  partly 
j)bscured  by  alteration,  is  of  fine  texture  and  of  much  less 
basic  composition  than  tbe  normal  dolerite. 

Fia.  4,  [8723].  Picrite,  An  Sgdman. 

A.  (occupying  three  quadrants)  ;  x  30.  Showing  olivine,  augite, 
anorthite,  etc.  The  dendritic  inclusions  of  magnetite  in 
the  olivine  are  conspicuous  in  the  lai^  crystal  in  the  lower 
left-band  quadrant :  in  the  crystal  »t  th«  top  of  the  fignrs 
they  are  cut  at  right  angles  to  their  plane,  uid  so  appear 
like  rods.    See  p.  381. 

S,  {lower  right-hand  quadrant) ;  X  110.  Showing  the  dendritic 
inclusions  more  highly  magnified.     See  pp.  68,  69,  381. 

PLATE  XXVI, 

Fio.  1.  f9980]  X  32.  Forphyritic  Picrite,  sill  S.  of  Leac  nan  Faoileann, 
I,  of  Soay.  The  porphyritic  elements  are  olivine  and  picotite. 
These  recur  also  in  a  second  generation,  but  the  bulk  of  the 
ground-mass  is  of  slender  rods  of  felspar  with  sub-parallel 
arrangement  and  interstitial  augite,  the  structure  recalling 
that  of  some  varioUtic  basalts.    8ee  p.  380. 

Fia.  2.  [7370]  x  20.  Ceratophyre  (?),  large  dyke  W,  of  Loch 
Qauscavaig,  near  Tarskavaig,  Sleat :  showing  an  aggregate  of 
crystals  of  alkali-felspar  with  small  crystals  of  augite  and  grains 
of  magnetite.     See  p.  397. 
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Fig.  3,  [6851]  x  20.  Oeratophyre  (?),  dyke  nearly  §  mile  N.  by  W.  of 
Gnoc  an  Sgumain,  Armadale :  showing  phenocrysts  oi  crypto- 
perthite  in  a  ground-ma£8  composed  of  an  aggregate  of  crystals 
of  alkali-felspar  penetrated  by  very  numerous  needles  of  augite. 
See  p.  397. 

Fig.  4.  [3201]  x  30.  Glassy  Augite- Andesite,  dyke  on  shore  of  Loch 
Eishort,  W.  of  Boreraig :  showing '  phenocrysts  of  felspar, 
augite,  and  magnetite  in  a  ground-mass  composed  of  clear  glass 
crowded  with  crystaJlitic  growths,  largely  in  the  form  of  minute 
rectangular  gratings.     See  p.  401. 

PLATE  XXVII. 

Fig.  1  X  40,  crossed  nicols.  Micro-structure  of  the  trachytic  dykes  of 
the  Broadford  and  Sleat  districts,  showing  the  tendency  to 
sheaf-like  groupings  of  the  felspars.     See  p.  394. 

A.  [6749].  Dyke  S.E.  of  Broadford. 

B.  [5082].  Dyke  in  Allt  Mbr,  about  2  miles  S.E.  of  Drochaid  Lusa 

and  5  miles  E.  of  Broadford. 

Fio.  2.  [5424]  X  400.  Augite-Andesite,  dyke  ^  mile  S.W.  of  Rudha 
Guail,  N.E.  of  Isle  Oi*nsay.  The  structure  is  intei'sertal,  and 
the  figui*e  shows  also  a  part  of  a  vesicle  occupied  by  glass 
crowded  with  crystallites.     See  p.  401. 
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Abhuikn  Ceann  Loch  Ainort,  167. 

nan  Leao,  355,  413,  470. 

Lusa,  254. 

Abnormal  composition  of  hybrid  rocks, 

231. 
Absorption    of    basic    rocks    by     acid 

magmas,  172, 183, 193,  467  ;  of  acid  by 

basic,  357,  359. 
Accidental  xenoliths,  351. 
Adie,  R.  H.,  338. 
Admixture  of  basic  and  acid  rocks,  172, 

177,  181,  183,  187,  192,  194,231,  357. 
Age  of  the  igneous  rocks,  1,  2,  5. 
Agglomerate,  volcanic,  16,  58 ;  enclosed 

in  gabbro,  89  ;  dykes  in,  293. 
Ailsa  Craiff,  158,  450. 
Alaisdair  Stone-shoot,  273,  287,  448. 
Allport,  S.,  198. 
Allt  Aigeimi,  298. 

Airidh  Meal!  Beathaig,  201,  275. 

Bealach  na  Coise,  307. 

Cadha  na  Eglais,  153. 

a'  Chaoich,  64,  65,  70,  71,  72,  75, 

7fi,  78,  97,  118,  119,  369. 

a*  Cham-airid,  314. 

a*  Choire,  171,  406,  408,  469. 

a'  Choire  Ghaisteach,  54. 

Clach  an  Geala,  202. 

na  Coille,  253,  32a 

Coire  na  Banachdich,  25, 28,  94,  95, 

123. 

a'  Coire  Ghreadaidh,  123. 

Coire  Labain,  33,  38,  380. 

Coir*  a'  Mhadaidh,  202. 

Coire  Riabhaich,  103,  115.  279. 

Cdl  Airidh  Lagain,  388,  391-393. 

Daraich  (Sligachan),   187-189,   192- 

194,  201,  275,  305,  468. 

Dearg  Beag,  202,  320. 

Dearg  M6r,  34,  39,  466. 

an  Doire,  27. 

Duisdale,  276,  392,  407. 

Evan,  334. 

Feama,  12,  131,  136,  159,  160. 

an  Fionn-choire,  69,  61. 

Fionnfhuachd,  31,  466. 

Geodh'  a'  Ghamnha,  26. 

Qrillan,  202. 

an  Inbhire,  319. 

nan  Leac,  19. 

Leth-pheiginne,  28. 

Leth  Slighe,  83,  219,  883. 

na  Measarroch,  295,  450. 

nam  Meirlach,  53. 

a'  Mhaim,  288. 

Mhic  LeaimaiD,  103. 


Allt  M6r  an  Finn-choire,  56,  59-61. 

a'  Mhuillin  (Glen  Brittle),  25. 

na  Nighinn,  322,  468. 

a'  Pairte,  208. 

R^idh  Ghlais,  390-393. 

an     t-Sithean     (Broadford),     279; 

(Sligachan),  203,  208,  209,  211,  233, 

282. 

an  t-Suidhe,  326,  355. 

na  Teangaidh,  166,  167. 

Thuill,  311,  335,  336,  348,  383. 

an  Uchd  Bhuidhe,  378. 


Alpine  flora  of  Cuillins,  449. 
Am  Basteir,  374,  446. 

Bile,  331,  337,  338,  347,  360. 

Fuar-choire,  156,  166. 

Amygdaloidal  structure  in  lavas,  30,  38, 

42;    gabbro,    96;    sills,    247;  dykes, 

307,308. 
An  Ceannaich,  10. 

Camach,  18,  441. 

m  Bheinn,  252,  355,  449. 


Andebson,  Tempest,  465. 
Thos.,  456. 


Andesite    lavas,    38,    58 ;    dykes,  399 ; 

relation  to  pitchstones,  402. 
An  Diallaid,  374.  376,  378. 

Dubh-sgeire  (Soay),  66,  74,  79,  342, 

Garbh-choire,  64,   72,   73,   75,  77, 


334,  444,  466. 
Anglesey  dykes,  3,  432. 
An  Stac,  94,  101,  440,  441,  449. 

Sgtiman,  52,  68,  375,  380,  381,  444, 


466,  470. 
Antecedent  xenocrysts,  223. 
Antrim,  9,  10,  31,  47-49,  67,  248,  362. 
Aodann  Clach,  221,  382. 
Aplitic  veins  of  gabbro,  117  ;  of  granite, 

166. 
Ardmore  Point,  10. 
Ardnameacan,  308. 
Ardnamurchan,  4,  55,  170,  199,  400. 
Ard  Thurinish,  336,  369. 
Ardvasar,  360. 

Armadale,  299,  317,  334,  392,  471. 
Arran,  2,  18,  20,  163,  164,  170,  198,  199, 

338,  340,  362,  385,  402,  404,  406,  417. 
Augite-andesite  lavas,   38  ;  dykes,  399 ; 

relation  to  pitchstones,  402. 
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Baker,  T.,  102,  315,  322,  382,  384, 

Balmeanach,  8. 

Banding  in  peridotites,  75 ;  in  gabbroe, 

90,  117. 
Barrow,  G.,  383,  465. 
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Oli^iHM.  ISt  analTidi,  ai  t  MBpoDHt 

eallieriDg,   46;   metamorplilsm, 
.   Du ;  magnetism,  53 ;  features  inBcenery, 

439. 
Baaic  dykos,  291  ;  frequency  and  diatri- 
bution,  292,  431 1  maltiple,  296 ; 
eviscerated,  298 ;  direclionB,  299,  431 ; 
iutorruptionB,  302;  iridth,  303;  liade, 
305  ;  length.  306 ;  amygdules,  3(l7 ; 
margina,  308;  joioting,  309;  mata- 
morphUm  by,  309 ;  decay,  312 ;  differ- 
ent ages,  315;  petrography,  318.  tlc.t 
taohylytic  Bolvagee,  333,  ef<7. ;  xenolitha 
m,7&\,iae.;  groups apeaial  to  Cuillina, 
364;  inlliieaco  on  scenery,  438,  446, 
450,451. 

secretions  in  granite,  166. 

sheets  of  Cuilnns,  sec  Inclined  sheets, 

Bills,  distingaished  from  lavas,  29, 

233  ;  great  group,  age  and  distribution, 
236 ;  tbicknesB.  237 ;  multiple  sills, 
241;  Geld -relatione,  242;  jointing, 
243  i  maxnetiBabioa,  244  ;  metamorpli- 
itai  h^,  246 ;  analyses,  248  ;  oompon- 
ent  muierals,  249  ;  microslructurc,  250; 
Konoliths  in,  2S1 ;  minor  groups  of  sills, 
264 ;  distribution,  256 ;  double  aiUa  of 
Roineval  type,  256  ;  petnwraphy. 
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BNpdto,48 

BmJ  dvfce,  SS3,  83«.  S37-S41,  U7. 

Bealach  Ma  (Scalpaj),  363. 

na  Beinne  Bnce,  320. 

na  Beiste,  202. 

a'  Leitr,  128. 

a'  Mhalm,  402,  403,  439. 

na  SgUrde,  188. 

Beerbaobite,  116. 

Beiun  Bhreoo,  24,  202. 

Bbuidhe     (Broadtord),    128,    274; 

(Saisbuuh),  203,  217. 
na  Caillich,  2,  7,  17,  18,  126,  131, 

1^,  1S5, 167,  e»4,  206,  304,  320,  406, 

408,  410,  414,  424,  449,  460. 

a' Chalrn,  163,203,204,214,216,218. 

na  Cro,  83,  9B,  101,  105,  122,  131, 

137-139,  295,  450. 
na  Cuitheann,  47,  436. 


an  Dubhaioh,   126,   132,    183,   135, 

143,  144,  148,  153,  156,  161,  166,  197, 
292,  293,  301,  318,  319,  361,  414,  415, 
424,  461. 

an  Dubb  lochain,  260. 

a'  Mheadhoin,  203,  204. 

Reidh  Beag  (gcalpay),  289. 

Tionavaig,  49,  430. 

TotaIg,239. 

BeliE,  20,  24,  82,  83,  101,  124,  13S,  202, 
3^,  440,  4^. 


Ben  Aslak,  323, 383 ;  ^pa  of  Awti,  VS, 

—  Geati  374,  375, 178. 

Lee,  348,  333.  341,  SU  H&  4SB. 

MeaboBt,  201,  2TI>,  J74,  S7S. 

—  SuardAl,  275.  2»4,  208,  101,  »«, . 
309,  311,  312,  326,  SS7,  988, 10^  IH 
396,  416,  470. 

Behtkand,  U.,  411,  418, 482. 

Bidibi  Dnlm  bu  BMDh,  44M47. 

BiodUte,«).a8I. 

BlRth-UMinn,  68,  88,  M,  m.  198,  Utb 

III,  141,  na^va,  sm,  sn, «,  441. 

4«  418, 446^  40^  487, 47% 

ButM  niBgk aTA, n.  oLm.  vm, 
ns,  lavtis,  ma,  441;  M8t  Md  tm  . 

Bbth-bMan. 
fhwht-C^wlloti  tlL 
fionni&  SIMOO*  M8, 471. 

84]   at  pUbn,  Sft   Bnaitak-Wl 
p^dotito,  880. 

Bostomte,  227,  289. 

Bod6,  a.,  1,  47,  199,  461. 

Braes,  22,  247,  466. 

Braigh  Coilte  na  Droighniche,  27S. 

SkulamuB,  203,  2W.  221. 

Breceia,  volcanic,  ett  Agglomerate:, 

Breociation  of  agglomerates,  28 ;  lavas, 
54;  gabbro,  124;  granite,  20,  167: 
poridotite,  77,  78,  383. 

BRiioN,  R.,  363. 

Brito-Icelandic  province,  4 ;  cbemioal 
cbaracteristics,  410. 

Broadford,  7.  82,  126,  136,  142,  144,  201- 
204,  212,  22S,  255,  273-276,  282,  287, 
296-298,  301-304,  367,  388,  392-395, 
4O0, 401 ,  410. 461, 468, 470, 471  ;  gabbro 
boas,  82,  97,  103.  105,  293,  423,  461. 

Broc-bheinn,  2*8,  250,  305,  .120,  438. 

BBiionER,  W.  C,  83,  230,  265. 

Bmach  na  Fritbe,  65,  57,  69,  86,  87,  89, 
92,  132,  423,  442,  447. 

Bmcite-muble,  160. 

Bbtok,  J.,  198,246,459. 

BucBAHAH,  J.  T.,  102. 

Buile  na  b-Airidh,  260,  361,  867. 

Bute,  109. 


Cauab  B^,  22,  242. 

Baravaig,  295. 

Baraieh  (Point  of  Sleat),  256,  33S, 

346,  360,  469  ;  (Tarskavaig),  334,  369. 

Fbionnoiridh,  139,  201,  309. 

na  Qeadiug  (Soalpay),  203,  S07, 206, 


309,  329,  442. 
Cambrian  limestones,  97  ; 

of,  144 !  dykes  in,  " 
Catma,  10,  26,  2S9. 
OarbonBceouB  seam«  in  D 
Carboet,  7,  8,  250,  311. 
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Carlingford,  2,  106,  142,  153,  154,  170. 

Garmichasl,  J.,  455. 

Cam  Dearg,  203,  204,  208,  209,  211, 217, 

375,  381-383,  451. 
Carrock  Fell,  2,  153,  156,  170,  338340, 

394,  423. 
Cataclastic  structures  in  gabbro,  124  ;  in 

granite,  167  ;  in  pcridotite,  383. 
Central  volcanoes,  4,  11,  420,  421. 
Ceratophyre  dykes,  396,  470,  471. 
Chromium  in  rocks,  249. 
Ciche  na  Beinne  Deirge,  325,  469. 
aach  Glas,  130,  141,  441,  445. 
Clays  in  bsksalt  group,  10,  47. 
Qeveland  dyke,  3,  295,  362. 
Clouoh,  C.  T.,  19,  74, 101,  144,245,  247, 

254,  269,  270,  275,  295,  297,  299,  300, 
302-304,  307,  309313,  317,  319,  321, 
327,  330,  334-337,  346,  359,  376,  379, 
383,  384,  388-393,  395,  396,  407,  415, 
463-465. 

Cnoc  C^rnach,  204,  205,  210,  211,  221, 

255,  449,  451  ;  type  of  sills,  203,  273, 
425. 

a'  Chaise  M6r,  311,  336,  392. 

nam  Fitheach,  16. 

Simid,  250. 

an  Sgdmain,  299,  396,  397,  471. 

an  t-Sithean,  209. 

Coal  in  basalt  group,  10  ;  in  agglomerate, 

24. 
Cognate  xenoliths,  351,  353. 
Cohen,  £.,  114. 

Coireachan  Ruadha,  64,  66,  72,  376,  444. 
Coire  na  Banachdich,  96,  111,  116. 

Beag,  64,  67,  72,  73,  76,  446. 

Beithe,  2. 

nam  Bruadaran,  185. 

Coire-chatachan,  167, 171,  393,  406,  407  ; 

group  of  dykes,  387,  408. 
Coir'  a^Chruidh,  371,  372,  446. 
Coire  Coinnich,  20,  22,  24,  127. 

na  Creiche,  202,  275,  447. 

Oaisteach,  202. 

Coir*  a'  Ghreadaidh,  365,  374,  376,  378, 

379. 

. a*  Ghrunnda,  64,  75,  444,  448. 

Coire  Labain,  25,  87,  96,  123,  287,  448. 
nan     Laogh     (Gars-bheinu),      92; 

(Marsco),  166,  178. 
Coir*  a'  Mhadaidh,  103,  373. 
Coire  Riabhach,  87,  93,  292. 

nan  Sagart,  54. 

na  Sei^,  20,  22,  83,  92,  127,  129, 

139,  178,  180. 
na  Sgairde,  187. 


Coir'  an  Uaigneis  143,  446. 

Cole,  G.  A.  J.,  55,  199,  309,  333,  338- 
340,  348,  461-463. 

Collie,  J.  N.,  141,  463. 

Columnar  jointing  in  granite,  130,  450 ; 
basic  sills,  243,  438 ;  basic  dykes,  309, 
438. 

Composite  intrusions,  197,  425;  litera- 
ture, 198 ;  unsymmetrical,  201,  297  ; 
symmetrical,  202 ;  distribution,  203, 
273 ;  triple  constitution,  204 ;  imper- 
fectly symmetrical,  212 ;  petrography, 
216,  etc. 

Conglomerates  (fluviatile),  25. 


Consequent  xenocrysts,  223. 

Contacts,  two  types  of,  84  ;  of  peridotite, 

79  ;  gabbro,  94  ;  granite,  137. 
Corran  a'  Chinn  Uachdaraich  (Scalpay), 

139. 

CoOMXRA-SwilMY,  A.  K.,  281. 

Corry  Ixxlge  (Broadford),  297,  357,  410, 

470. 
CoiLSTOEPniNE,  G.  S.,  199,  362,  385,  417. 
Coruisk,  64,  86,  87,  368,  369,  442. 
Country-rock,  influence  on  dykes,  292, 

432. 
Cowal,  303,  389,  395,  396. 
Creagan  Dubha,  13, 18,  39,  131, 165,  440, 

466. 
Creag  Bhriste,  222,  223. 
Strollamus,  7,  12,  20,  27,  99,  100, 

126,  136,  137,  165,  167,  171,  278,  451. 
Crushing  of  volcanic  agglomerates,  28 ; 

lavas,    54  ;  gabbro,   1^ ;  granite,  20, 

167 ;  peridotite,  383. 
Crust- movements,       connection       with 

igneous  activity,   411 ;    regional    and 

local,   412;  Tertiary  and  older,  413; 

local  uplifts,  425,  428. 
Cryptographic  structure,  161,  280,  467. 
CuiUin  Hills,  name,  440 ;  gabbro  of,  82  ; 

general    structure,    85,    422 ;    special 

dykes  and  sheets,  300,   364;  erosion, 

442 ;  scenery,  443. 
CuLLis,  C.  G.,  277. 


D 


Dana,  J.  D.,  46,  109. 

Dawson,  Sib.  J.  W.,  459. 

Dechen,  H.  von,  1,  404,  455. 

Dedolomitisation,  150. 

Deformation  of  gabbro  laccolite,  87,  422. 

Delesse,  a.,  199,  338,  340,  341. 

Des  Cloizeaux,  a.,  107. 

Devitrified  pitchstones,  279,  282,  407. 

Differentiation  of  magmas,  417,  423. 

Diffusion  in  magmas,  100,  172,  183,  185 

232. 
Doire'Chaol  (Soay),  270. 
Dolerite  sills  and  dykes,  see  Basic. 
Dolomites,  Cambrian,  97 ;  metamorphism 

of,  144. 
Donegal,  400,  407. 
Douglas,  W.  ,  464. 
Down,  198,  199,  338. 
Drochaid  Lusa,  383-385,  471. 
Druim  na  Cleochd,  167,  159,  160. 

na  Crlche,  256-268. 

Eadar  da  Choire,  153,  180,  182,  296, 

450. 


—  an  Eidhne,  21,  22, 53,  87, 88,  90,  92, 
93,  115,  117,  124,  127,  128,  140,  143, 
167,  158,  163,  271,  281,  283,  292,  368, 
398,  401,  467;  acid  dykes  of,  140; 
petrography,  277,  283,  468. 

nan  Ramh,  90,  96,   108,  123,  368, 


371,  373,  442,  448. 

na  Ruaigo,  166,  187,  188. 


Drumfeam,  276. 
Drusy  structure,  42,  104,  175,  185,  218. 
Drynoch,  31,  50,  253,  275,  328,  386,  405  ; 
group  of  dykes,  260,  386,  438,  466. 


I 


DAa UnnQdiik«^9tl-SSS,  9B7. 9BB. 

T^rr  an  SgUrr,  BB. 

Dunito,  71,72.76, 

Dunvogan  Head,  10. 

Dyke  plioBc,  aee  Miner  intnalonk. 

DyLcB  (acid).  m«  Mian  uid  liilndau ; 
(boEJc)  we  Batao  dfkMt  (ttUnba^), 
lU  Peridotitea;  «M  U«>  Aodtdta, 
Pitchatotie,  and  TraeliTto. 

Dyke-feederB  of  SMUA-ernptkoi,  M|  ot 
peridotit«  laccolite,  67 )  it  gaU>tO,  H ) 
ofcToiiite.  129;  of  MMiipoiite  nUi,  810  j 
<dlMdo  dlU,  JM&t  of  InolfaMd  bi^ 


GAKTH-movementd,  net  Cnut-movementa. 

Eoa  M6r,  94.  95,  123. 

Eigg,  65,  26S,  396,  39S,  405,  407. 

Gileon  Lcac  nn  Gainimb  (Scalpay),  3M. 

■ — -  Tiomm.  22,  24. 

Klgfll,  201,  289,  3BS,  440. 

Eocene  flora,  2,  S. 

EoEoonal  atruoture,  147. 

Erosion  of  region,  6,  434,  etc 

BakdnlQ  d;ke,  199,  336,  402,  403. 

ElTlNOSIlAUaBN,  C.  von,  10. 

EutEctic  aggre^gute,  162,  281. 
EFiBcerattHTdykca,  2S8. 


FAULTiNfl,  ngtonal,  R,  fi,  413,  427, 428, 
430,  435  i  local,  435 ;  relation  to  dykea 
and  ailla,  300,  302,  316,  317,  413,  430 ; 
pre-Tertiary,  413. 

Fayalite  in  acid  dykea,  2S6. 

Fdsit«,  56,  61,163. 

Felstone  lavoa,  55. 

Ferrite,  3S,  262. 

Piaclan  Dearg,  130,  178,  449. 

Fingal's  Cave,  248. 

Fionn-Chotre,  13,  65. 

Fiikavaig,  49,  360. 

PiEiure-ernptii 

FisBurea  of  sui 

Funr,  J.  S.,  299. 

Flora,  Eocene,  2,  6;  of  peat,  439;  ol 
Coillini,  449. 

Flaviatile  conglomerates,  25. 

FoKBia,  E.,  456. 

J.  D.,  2,  85.  87,  440,  456. 

Foraltenatein,  IH. 

Forsterite- marble,  148. 

Fragmental  volcanic  occumalationa,  15. 


G 


103 ;  component  minoraU,  104  ; 


graphy  of  banded  variotiea,  1I7 ) 
motamorphism  of  gabbros.  121 ;  WMltit- 
oring,  1^ ;  crushing,  124  ;  rdotioDi 
witb  granite  magma,  171,''''^- ;  xsnaUtlw 

'    '      ■     ' —— T,  448. 

f,  1S6,U0^ 
uoa. 

Gakdiher,  J.  B.,  2,  10,  4A1. 

GoTB-bheinn,  6B,  67,  77,  89,  •%  W,  SHi 
331,  371,372,  374,  440. 

Gases  in  crystalliue  rooki,  108, 1S4. 

Gbikie,  SiK  a.,  2,  4, 9,  id  11,  S^  si, Mb 
46,  47,55,  90.01.  IIB,  117,l«77l«V 
144, 152,  170,  199,  3U,  StT,  SI4,  StS, 
276,  291,  293,  29S,  289,  806. 807. 811^ 
335,  336,  3S1,  385,  403,  406,  MO;  417. 
458,  460,  462-465. 

Oeur  hudha,  302. 

Gbeal  GUIean  type  of  dy ket,  WB, 

Giant's  Caiisew»T,  249, 

Gillean,  25fi.  310.  360,  806. 

Glamaig,  63.  68,  82,  1S8,  189,  107,  187' 
190,  192,  278,  295,  87B.  8S8,  408,  «D^ 
449,  468. 

GUs-bheicn  Bbeag,  196,  181,  148,  16^ 
467. 

Mhor,  129,  405,  409. 

UlasEilean,  201,  401. 

Glbn,  D.  C,  460. 

Glen  Boreraig,  83.  134,  888, 414. 

Brittle,  25,  290.  868, 888,  489. 

—  Calwlale,  50. 

Drynooh,  436,  438. 

Glcnelg.  101. 

Glen  LYnort,  2™*   '■^ 


371. 

Gneiasic  etructura,  189;  and  see  Banding. 

Granit«,  distribution.  126 ;  modes  of 
occurrence,  127 ;  main  body  of  Bed 
Uilla,  126 :  its  Comdex  stractura,  130 ; 
bos9of  EosteniBed  HillH,13l!  of  Beinn 
an  Dubhftich,  132 ;  smaller  mosses,  136; 
nature  of  junctions,  137 ;  posteriority 
to  gnbbro,  140,  112 ;  marginal  modifica- 
tions, 143,  271 :  metamorpbism  hy, 
144 ;  analyses,  153 ;  speciffo  gravity, 
155  ;  component  minerals.  166 ;  micro- 
structure.  160:  varieties,  165;  crushing, 
167  1  absorption  of  gabbro  materi^, 
172,  183;  xonoliths  in  basic  dykes, 
355 ;  Bcenery,  449. 

Granophyre.  152.  155,  215 ;  mioro- 
uro,  161  ;  withgabbro  lenolitbs, 
with  marscoite  lenolitbs,   194 ; 


(Jranulitic 


t,  115. 


'  stmctui-e  in  dolerites  and  bMalts, 
Gabbro.    distribution,    82;     modes    of'      36,  52,  115,  3'22,  466. 
occurrence,     83,     422;     laccolite     of  lir^^pbie  stru'^turo,  161. 
CuiUins,  85 ;  complexity.  88 ;  bandiniF,  '.  (Ireat  Group  of  basic  sille,  238. 
90;  feeders.  92;  junctions,  94;  Broad-    Gkeenly,  E.,  3,  432. 
ford  boss,  97 ;  its  relation  to  limestones,    Gheq,  B.  F.  .  456,  457- 
98 ;    imaller   massea,    101  j   analyses.    Gregarious  i^kes,  295. 
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Guillamon,  83,  279L 
GuNN,  W.,  18,  199. 


Hade  of  basic  dykes,  305,  366. 

Harrabol,  201,  304.  320,  399. 

Harta  Corrie.  87,  106,  108,  442. 

Hauohton,  8.,  102,  106,  108,  153,338, 
457,  458. 

Heast,  208, 210, 275, 350 ;  road,  204, 221, 
382  388. 

Heddle,  M.  F.,  2,  35,  45,  47,  70,  76, 
106,  108,  112,  150,  158,  262,  263,  269, 
310,  315,  333,  335,  338,  385,  417,  456, 
457,  460,  461,  463-465. 

Herwio,  F.,  108,  110,  461. 

HiKXMAK,  L.  W.,  464,  465. 

HocBSTErrER,  F.  von,  458. 

hodokinson,  338. 

Holland,  T.  H.,  362. 

Horizontal  flow  in  dykes,  294,  337. 

How,  H.,  460. 

Huisgill,  260,  261,  266. 

Hull,  E.,  199. 

Hunt,  T.  8.,  458. 

Hybrid  rocks,  gabbro  and  granite,  181, 
183,  185;  marscoite,  175,  177,  etc.; 
marsooite  and  felsite,  177 ;  marscoite 
and  granophyre,  194 ;  porphyritic 
basalt  and  felsite,  2^8  ;    basalt  and 

granite,  357  ;  abnormal  composition  of 
ybrids,  231  ;  hybridism    of    second 
order,  196. 
Hypersthene-basalt,  38,  466. 
Hypersthenite,  107. 
Hyskeir  (Oighsgeir),  55,  398. 


loE-EBOSiON  in  Cuillins,  443. 

Iceland,  4,  61,  363. 

Iddinos,  J.  p.,  417,  421. 

Iddingsite,  34,  112,  249,  262,  266,  466. 

Imperfectly       symmetrical      composite 

dykes,  212,  305,  306. 
Impregnation  of  gabbro  by  granite,  142, 

181,  467. 
Inaccessible  Pinnacle,  373,  447. 
Inclined  flow  in  dykes,  294,  337. 
Inclined  sheets  of  Cuillins,  366,  427  ; 

distribution,  367 ;  petrography,  370  ; 

as  elements  of  scenery,  444. 
Interruptions   of   dykes,   302,  306;  of 

inclined  sheets,  369. 
Inver  Dalavil,  3^. 
Inver  Meadale,  244. 
Iron,  metallic,  in  gabbro,  102. 
Iron-ore  lumps,  90 ;  scams,   120  ;  lode, 

159. 
Isle  Omsay,    302,    307,  385,  401,  407, 

471. 


Jameson,  R.,  243,  403,  406,  440,  453, 
456. 


Jointing,  aee  Columnar. 

JuDD,  J.  W.,  2,  4,  5,  9, 11, 36, 39, 65,  71, 
104,  107-112,  125,  140,  141,  199,  200, 
216,  237,  250,  277,  278,  283-286,  309, 
329,  333,  339,  340,  348,  362,  376,  385, 
398,  400,  402,  459,  461-464. 

Jurassic  strata,  pre-Tertiary  surface,  7  ; 
sills  in,  203,  235,  237,  436 ;  dykes  in, 
294,  302,  451. 


K 


Kaibab  sti-ucture,  9. 

Kendall,  P.  F.,  334,  335.  , 

Kilbride,  16,  28,  148. 

Kilchrist,  16,  126,  132,  143,  144,  159, 

172,  296,  301,  304,  319,  424. 
Kilt  Rock,  244. 
Kinloch,  254, 317,  334, 349,  383, 388,  392, 

393,  469. 

Ainort  valley,  167. 

Kino,  W.,  147,  459,  461. 
Knight,  W.,  455. 
Knock,  101,  295,  335,  336. 
Kyleakin,  295,  301,  3*22,  435. 
Kylerhea,  323,  328,  388. 


Laccolitio  habit  of  plutonic  rocks,  83 ; 

of  peridotite,  63  ;  gabbro,  85  ;  granite, 

128  ;  composite  intrusion,  209. 
Laoroix,  a.,  40,  77,  141,  361,  362,  463. 
Lacustrine  deposits  in  basalt  group,  10, 

49. 
Lamlash,  338,  340. 
Lamprophyres,  2. 
Lava-flows,  basaltic,  4,  11 ;  trachyticand 

rhyolitic,  58,  59. 
Leac  Agamnha,  23,  49. 

nan  Faoileann  (Soay),  270, 379, 470. 

Leboub,  6.  A.,  102,  315,  322. 
Ledbeg  (Sutherland),  144. 
Leonuard,  K.  C.  von,  454. 
Lignite  in  volcanic  series,  10. 
Limestones,  Cambrian,   dolomitic,    97  ; 

metamorphism,   144 ;  dykes  in,  294, 

296. 
Linear  variation,  121. 
Lithophyses,  286. 
Local  and  regional  series,  5,  .15,  419 ; 

crust-movements  and  strains,  419. 
Lochain  Beinn  na  CaUlich,  98,  103,  131. 
Loch  Ainort,  128, 131,  155, 163, 196, 449. 

Ashik,  332,  334,  348,  469. 

an  Athain,  141. 

a*  Bhasteir,  370. 

Bracadale,  436. 

Brittle,  24,  26,  47,  49,  376,  436. 

Coir*  a'  Ghrunnda,  64,  76. 

Coire  Uaigneich,  320. 

Coruisk,  66,  85,  90,  97,  102,  104, 

111,  120. 
na  Creitheach,  88,  92, 137, 141, 142, 

352,398. 

Ctiil  na  Creag,  13,  27,  40 

na  Dal,  275,  335,  401,  436. 

Doir*  an  Eioh,  335,  369. 


«« 


^  Ad^(8id^B&),  ^1,  '382, 

— Mvail.  si%  aoe,  iTO, 

iiie,M. 


311,  27S,  309, 
,436. 


Hnort.  7,  8,  M,  BO,  2il,  260. 275, 

988,  800^  Ul,  888,  386, 428,  430. 

«uItM,aM.  - 

EOohrlrt,  16, 13S-18S,  I4fi,  328,  355, 

4fil. 

MiLseld(8aab»k9Ut(BuishDiBh), 

SIl. 

,*-^S4imfkM,.Ui,  148,  I«,  »11. 

^—  ft'  HtmlVHth.  mT 

• ffi(^tMum  IlannMdli,  800i 


L  68, 1S6, 908,  aea 

_  AH,  .908,  944,  Stt,  2T5,  2S 
Db  814, 4SS,  488. 

M  otaMldt,  sia 

8talBa,94^9(& 

■DUaDb.BH. 

ibMnm^  J.  H..  8^  108,  918,  370. 

ZiotoOgnfa,871.l7& 


Maccdlloch,  J.,  1,  10,  47.  76,  107,  110, 

12«,  127,  144,  i65,  198,  235,  243,  294, 

298,  333,  334,  381,  403,  404,  i()6,  453. 

455. 
Moclsod's  T&blBB,  436. 
MoHkitbt,  a.,  55,  57. 
Magnetism  of  basalt  lavma,  63 ;  gabbros, 

113;  dolerite  sillB,  244. 
MUX.BT,  J.  W. ,  4fi0. 
Marble,  144. 
MoTKinBl  modificBtiona  of  frranile,  130, 

1^,  163  ;  of  basic  dykes,  308,  3^1,  eU. 
Market  Stance  (Broadlonl),  202,  212. 
Martco,  B3,  92,  101,  128-130,   15G,  158, 

163,  166,  170,  176,  278,  295,  306,  334, 

311,  345,  424,  449,  450,  467,  46». 
Marsooitfl,  175  ;  oEMaraco,  177,  173,  180, 

186  ;  of  OkmaiR,  187,  188,  191. 
Meadala,  239,  250,  328. 
MeallBaidhe  (Loch  AiDort),  163;  (Sleat), 

256,302. 
MeaU  na  Cuilce,  66,  97. 

Coire  Trasaidh,  16,  17. 

Dearg.  126,  140,  153,  154,  157159, 

165,  368,  424. 

, na  Oainmhich,  131,  320. 

a'  Mhalm,  320. 

a'  Mhaotl,  163,  164,  196. 

Odhar,  66  5B,  374,  378. 

Odhar  Boag,  333,  341,  340.  469. 


Moohanical  anolyaiE,  104,  349. 

MotamoiTihisni  of  volcanic  luffs,  27  ;  of 
basalt  lavae,  50  ;  of  periclotitea,  80  i  of 
gabbma,  121  ;  of  basic  dykea,  31Q. 

Metaiuorphiam  prodnccil  ijy  ^bbro,  97, 
100  ;  by  granite,  144,  319  ;  bydotoritc 
silln,  245  ;  by  basic  dykes,  309. 

MiSTCAi.nt,  A.  T.,  464. 

Miarolitic  structure,  tu  Dniay. 

MicKEi.-LEi'y,  A.,  6> 

Microgranite,  163. 

Micrographic  atructare,  ISl,  280,  467. 

Micropegmatif«,  161,  2S0  ;  phooocryats, 
282,  294,  467. 

MiLLKB,  H.,  467. 

Minor  intrasioDs,  phase  of,  5,  426. 

acid  intnisiooB,  271  ;  diftribntion, 

273 :  petrograpUy,  276  :  aubacid  types. 


basic  intrueiona,  m<   Basic  dykee, 

sheets,  and  sills. 

Mooadh  Meadale,  239,  241. 

Moraaig,  275. 

Moorland  9ora,  439. 

Moume  MU,  2,  153.  164,  198. 

Mugearite,  257  ;  analysis,  263  i  petro- 
graphy, 264  ;  dykes,  331  ;  tachylytw, 
338,  347. 

Mugeary,  257. 

Mdir,  1,  111. 

MuU,  4.  10.  26,  55,  106,  112,  153, 170, 
327.  334,  336,  338.  362. 

Mullacfa  an  Achaidh  Mh^ir.  276. 

ua  Giro  (Soalpay),   126,  27i,   279, 


Multiple  sills,  241 ;  dykes,  294 

bution,  238.  431. 
MuBcmsos,  Sib  R.  J.,  33.1,  ■ 

457,  458. 


Necker,  I.  A.,  198,  333, 
NicoL,  J..  456. 
NicotJWN,  A.,  440,  4S9. 
Norite,  74,  111,  467. 


Od  Allt  on  Darnich,  334. 

Oban,  199. 

Ob  GauBcavug,  295,  310,  313,  334. 

Lusa,  3(fi. 

Ocellar  structures,  37,  324. 
Obvnuaiiskn,  C.  von,  1.  404,  455. 
Oiahsgeir  (Hyskeir),  55,  398. 
Ophicalcile,  149. 
Ophitic  strauture,  30,  116,  249,  322, 

466. 
Ord.  303,  311,  359,  360,  392,  399. 
Orkneys,  dykes  of,  290. 
Onhophyro  dykes,  288,  289. 


Index, 


47SI 


Patbickbon,  198. 

Pkagh,  B.  N.,18,  144. 

Peat,  flora  of,  439. 

Pegmatoid    veins    of   peridotitos,    78 ; 

•  ^bbros,  116  ;  granites,  166, 185. 

PeiQchorraD,  8. 

Pencatite,  145,  150,  151. 

Pennant,  T.,  243,  440,  453. 

Peridotite,  Sgiirr  Dubh  laccolite,  63 ; 
attacked  by  gabbro,  64 ;  smaller  lacco- 
lites,  66 ;  dyke-feeders,  67  ;  component 
minerals,  o8 ;  varieties,  71 ;  banding, 
75 ;  xenolithio  structure,  77 ;  contact 
with  sandstones,  79 ;  later  group,  67, 
374,  etc. ;  distribution,  375. 

Permeation  of  gabbro  by  granite  magma, 
142,  181. 

Petrographical  province,  4 ;  its  character- 
istics, 416. 

Phases  of  activity,  three,  5,  420. 

Phenocrvsts,  formed  in  place,  270 ;  later 
growth,  329. 

Phillip,  G.  B.,  440,  441. 

Picotite,  69,  72,  377,  384 ;  analysis,  70. 

Piorite,  72,  378,  380,  382. 

PCLKINOTON,  C,  462. 

Pitchstone  dykes,  403,  429 ;  distribution, 

387  ;  devitrified,  279,  282,  407. 
Place-names  in  Skyo,  82,  439. 
Plant-remains  in  basalt  group,  10. 
Plateau    structure,    9,    430;     scenery, 

436. 
Player,  J.  H.,  23,  49,  118,  120,  396. 
Plinthite,  47 ;  analyses,  48. 
Plutonic  phase,  5,  421. 
—  rocks,  older  (pre- volcanic)  series, 

11,  417. 
Point  of  Sleat,  256,  295,  301,321,  327, 

330,     334,     335,     346,      360,      435, 

469. 
Pollard,  W.,  31,  70,  102,  135,  146,  149, 

151,  153,  216,  247-249,  261,  263,  315, 

325,  370,  465. 
Port  a'  Bhata,  337. 

na  Long,  299,  327. 

Portree,  7,  10,  22,  23,  49,  242,  244,  247, 

249,  331,  333,  337,  360,  435,  466. 
Powell  J.  W.,  9. 
Pratt,  J.  R,  71. 
Predazzite,  150. 
Pre-granitio    dykes,     133,     135,    318; 

metamorphosed,  319. 
Preshal  Beg,  25,  243,  250. 

More,  9,  25,  243,  244,  250. 

Pro-Tertiary  crust-movements  and  faults, 

413 ;  igneous  rocks,  2 ;  land-surface,  7. 
Pre- Volcanic  phase  (early  plutonic  rocks), 

11,  417. 
Province,      Brito-Icelandic,      4;       its 

characteristics,  416. 
Pyroclastic  rocks,  15,  58,  59. 


Q 


Quabtz-felsite,  163, 277,  278. 
Qoiraing,  8,  44,  47,  241,  263,  269,  333- 
835,  m,  341,  435,  438. 


R 


Raasay,  126,  203,  340,  353,  385,  436. 
Radial   dykes   of   Cuillius,    300,    364; 

relation  to  crustal  strain,  365,  428. 
Radiate  tendency  of  dykes,  300,  431. 
Ramasgaig,  300. 
Ramsay,  Sir  A.,  198. 
Rath,  G.  vom,  108,  HI. 
Red  Hills,  126 ;  granite,  127,  etc, ;  minor 

acid  intrusions,  272,  278,  283;  basic 

dykes,  293, 295,  318, 324, 427  ;  scenery, 

449. 
Regional  and  local  series,  5,  15,  419; 

crust-movements  and  strains,  412. 
RsYER,  E.,  6,  462. 
Rhind,  W.,  455. 
Rhyolitic  group,  55 ;  tufiEB,  59 ;  lavas,  59 ; 

dvkes,  &0,  283. 
Ricbeckite-granophyre,  153,  158,  165. 
Rivers  of  volcanic  period,  25. 
Rockall,  4. 

Rodded  structure,  389,  408. 
Roineval,  256-262,  266,  268,  329,  468; 

type  of  double  siUs,  256 ;  petrography, 

261. 
RosENBUScu,  H.,  116, 152,  280,  377,  400, 

401,464. 
RowNEY,  T.  H.,  147,  459,  461. 
Ruodh  Stoc,  126,  130,  180,  295,  449,  450. 
RucKER,  Sir  A.,  113,  46^ 
Rudha  B^,  126,  129,  139,  141. 

Buidhe,  244,  247,  466. 

Ch4m  nan  Cearc,  255,  297,  335, 

Chinn  Mholr  (Scalpay),  274. 

nan  Clach,  47. 

Dubh  Ard.  275,  302,  360,  392. 

Rudh'  an  Eireannaich,  204,  207,  224-226, 

276,  282,  287,  298,  468. 
Rudha  Guail,  311,  334,  401,  471. 
Rudh'  an  lasgaich,  335,  337, 
Rudha  na  Sgianadin,  304. 
Rum,  4,  26,  70,  73,  74,  76,  170,  269,  376, 

377,  421,  429,  450. 


S 


Saint  Kilda,  2,  4,  153,  170. 

Sandaig  (Glenelg),  101. 

Satran,  387. 

Scalpay,  8,  83,  126,  137,  139,  203,  207, 

208,  212,  233,  255,  274,  279,  280,  289, 

294,  305,  306,  330,  353,  466,  470. 
Scenery   of  plateaux,    436 ;   of   gabbro 

mountains,  443  ;  of  Red  Hills,  £l9. 
Schiller-structures,  origin,  109. 
Sconser,  7,  278. 
Segregation- veins    in    peridotites,     78 ; 

gabbros,  1 16  ;  basic  dykes,  308. 
Serpentinous  marble,  149. 
Sg6rach  Breac,  399. 
Sgeir  na  lasgaich,  322. 

Mh6r  (Torran),  298. 

Sgiath-bheinn  an  Uird,  275* 

Sgiirr  AUisdair,  87  287,  444,  448. 

na  Banachdich,  66,  124,  368,  374, 

376,  378,  444-446. 

a'  Bhitfteir,  124,  371, 373. 

a'  Ghoire  Bheag,  372. 


480 


Sgte  OoimiiQii,  4a& 

— «  a*  CMz^  an  Looliain.  5i,  74, 446,  ii7, 

497. 
^ — DMVg,  12S,  148,  m«4|  S7i»  S78, 

445-447* 
Dabh,  eS,  ee,  7%  74|  7i»S88,444, 

446 ;  iMOoHte,  08, 71, 481. 

-— Ml]>ll]II6,24. 

nan  EMh,  201, 410, 488. 

' —  nio  Bm,  88, 148L  87^  448. 

an  J^dSoa,  11^127,  m 

r-T— na  llMadaiii,  447. 

nan  GiOfian,  128, 128, 128,  S08, 870, 

:  874, 440, 448. 

a' CHimdaadli,  874, 878, 445^7. 

nan  Oobhar,  874, 878, 444448. 

na  h-Iolaire,  268. 

\i a'  Ifihadaidh,  148, 874, 444446. 

lUiio  Ghoinnkai,  64,  87,  148,  288, 

—llgiunain,  446-448. 

--1-- na  atari,  87,  94, 114, 872,  442, 448. 

l^Badaoh,  87,  287,  448. 

-^^^  Tbnilni,  68,  68,  61,  872,  874|  878, 
«  444i 

— —  na  h-Uamlia,  1528. 
0Matii  and  oora  atmotare,  386. 
Slilani  IdMi,  71 287, 885. 
8ilb,  add,  272-276 ;  aee  obo  Baaio  aOls 

and  Oosmtito. 
BknlaaraB,  27& 

8lat.|)li0lnn,  84, 260, 262,  820, 866, 441. 
Oeat,  286,  287,  800b  802,  804, 818, 8^ 


■MWW,    «M>V,    «V«,    WW,    WVW,    'WS,  vup,  w«u, 

827,   880,   884,  808,   888;  groap  of 
traohyted^  " 
ntion,  887. 


traohyto  dykai,  888,  428,  480 1 


roup  i 
diii^l 


SUgaohan,  80,  166,  208,  283,  263,  276, 
9)6,  383,  440,  468;  River,  87,  103, 
115,  127,  129,  139,  279,  442,  466. 

Soay.  63,  66,  67.  74,  245,  247,  269,  294, 
342,  375,  376,  378,  379, 395,  468,  470. 

Solfataric  action  on  basalts.  41,  45. 

Solitary  dykes,  295,  303,  305,  320. 

SoLLAS,  W.  J.,  73,  77, 104, 142, 170, 349, 
400,465. 

Sound  of  Scalpay,  7,  425. 

of  Soay,  7,  19,  328,  414,  415. 

Specific  gravity  of  granites,  155 ;  anom- 
alous, of  tachylytes,  340. 

Spectra  of  igneous  rocks,  23, 103. 

Spherulitic  structures  in  rhvolitic  lavas, 
61 ;  ffranite  margins,  130,  163,  467 ; 
acid  dykes,  280,  2S4,  468  ;  tachylytes, 
336,  343-350, 469  ;  trachyte  dykes,  389, 
394,  471. 

Spotted  granophyre,  187,  193,  194. 

Springs  in  mountoins,  449,  450. 

Sr6n  a'  Bhealain,  166,  187-189,  191,  193, 
194,450. 

Staffift,  31,  244,  248. 

Steinscholl,  249. 

Stkwart,  B.,  457. 

Stockval,  9. 

Storr.  8,  44,  47,  436-438. 

Strathaird,  7.  10,  18,  201,  237,  255,  275, 
289,  294,  296,  300,  320,  329,  330,  374, 
375,  378. 

Strath  Beag,  126,  131. 

Strath  na  Creitheach,  21,  93,  127,  128, 
130,  141,  271,  292,  295,  368. 


StoaOi  lf6r,  106, 126,  40fiL 

SfBiiro,  ▲.,  248.  . 

StroOamns,  40,  467. 

8troan,241. 

Siuurdal,  148,  148,  886;  ^ypa  of  djina^ 

826,  866,  468. 
Subaoid  dykoa,  287. 
SnbaBrial  ori|^  of  Toloanio  aerioa,  8; 

woaliioring  of  basalt  lavaa,  47;  of 

gabbiQo,  128 ;  of  baaio  dykat,  812l 
SiraBB,  BL,  481« 
Sniahnkh,  68,  128,  208,  208,  211»  S17, 

881,882. 
^yonito,  as  modifioatlon  of  graoile^  186. 
Stiob,  R.  G.,  198. 
Symmotrioal  oompodte  intrnakxia,  i88|. 

etc 


Taobylytm  selvages,  289,808,  888$  ^&k 

tribation,  884 ;  qpeoial  straotiuea,  888 1 

analyses,  888;  speoifio  gravity,  888; 

micxostniofeiiies,  9^  eCe. 
Talisker,  9, 14, 26,  88,  87, 88, 44, 4^  i7» 

48,  248,  244,  280,  262,  284,  288^288^ 

486. 
Tsngential  djices  of  Ooilliiw,  886. 
Tameilear,  896, 446. 
Iknkavaig,  264, 1W,  808, 816^2;  888^ 

884,869,860,888. 
I^UUL,  J.  J.  H.,  80,  81,  104,  m,  lOi, 

116,  117,  120,  144, 148, 160^  168,  !«(» 

166,  862,  868,  400,  402,  40S^  468,  486. 
Terrestrial  deposits  m  voioanioseriesi  10^ 

49. 
Tertiary  age  of  rooks,  1,  2,  6 ;  voloanio 

action  reviewed,  420,  etc 
Thermal    metamorphism,  aee  Metamor- 

phism. 
Thomson,  T.,  455. 
Thorpe,  T.  E.,  462. 
TiLDBN,  W.  A.,  102,  154,  464. 
Tobar  nan  Uaisloan,  56,  57,  59. 
Tokavaig,  313. 
Tormiclm%,  128,  450. 
Tormore,  295,  304,  312,  321,  360. 
Torran,  149,  197,  295,  298,  304,  311,318, 

319. 
Torridon  Sandstone,  contact  with  peri- 

dotite,  79  ;  with  gabbro,  99, 100 ;  with 

granite,  137 ;  with  basic  and  ultra-basic 

sills,  245,  376;    dykes  cutting,  294, 

295. 
Torvaig,  337. 
Trachyte  lavas,   55 ;  petrography,  58  ; 

dykes,  289,    386 ;    rodded    structure, 

389 ;  petrography,  393, 
Trachy-andesite  dykes,  386,  394. 
Triple  composite  sills,  202,  etc,  ;  dykes, 

210,  298. 
Troctolite  in  peridotite  group,  73,  466  ; 

in  gabbro,  82. 
Trottemish,  237,  245. 
Tuffs,  basic,  15, 17,  21, 23 ;  rhyolitic,  56, 

57,  59. 
Twin-lamellation,  secondary,  in  felspars, 

124. 
Tynemouth  dyke,  362,  363,  4(KX 


Index, 
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U 


Ulfhabt  Point,  328. 
Ultrabadc  rooks,  ate  Pcridotitos 
Unsymmetrical   composite   dykes,    198, 
297. 


Vanadium  in  rocks,  249. 

Variolitic  structure  in  (tasalts  347,  469  ; 

in  trachytes,  e/c,  394. 
Varragill  River,  253, 275. 
Vents  of  volcanoes,  16,  19. 
Vesicles  occupied  by  ground-mass,  331, 

342. 
Viki^ll  Bum,  201,275. 
Vitrified  sandstones,  79,  245,  376,  468. 
VoGT,  J.  H.  L.,  78,  119,  121,  465. 
Volcanic  vents,  16,  19. 


W 


Watts,  W.  W.,  432. 

Weathering  of  igneous  rocks,  47,  123, 

312. 
Weod,  C.  B.,  383,  413,  415. 
White,  J.,  461. 
Wolf  Rock  (Cornwall),  4. 
Woodward,  H.  B.,  49,  126,  353,  463, 

464. 


XiNOCRTSTS,  in  granophyre,  173, 195  ;  in 
marscoite,  186, 191  ;  in  composite  sills. 


209,  219-224,  229,  233 ;  in  basic  dykes, 
351,  359  ;  of  second  order,  195  ;  ante- 
cedent and  consequent,  223 ;  source 
discussed,  361. 

Xenolithic  granophyres,  172,  183,  194. 

Xeiiolithic  structure  in  peridotites,  779 
377,  381  ;  gabbros,  121 ;  granites, 
166. 

Xenoliths,  co|pate  and  accidental,  350 ; 
sandstone  in  basalt,  40 ;  gabbro  in 
granophyre,  172,  183  ;  ^bbroin  mars- 
coite, 193;  marscoite  in  granophjrre, 
187,  194,  468 ;  basalt  in  granophyre, 
208,  218,  etc,  ;  basalt  in  basalt,  23A ; 
gabbro  in  dolerite  sills  and  sheets,  251, 
373 ;  quartz  in  basic  dykes,  351 ;  gabbro 
and  ffranite  in  basic  d^kes,  355 ; 
probable  source  and  significance,  363, 
418. 

Xenoliths  within  xenoliths,  224. 


Young,  J.,  460. 


Zeolites  in  basalt  lavas,  42-46 ;  meta- 
morphosed to  felspars,  61,  466. 

ZiKKEL,  F.,  2,33,  35,  104,  107,  108, 
112,  167,  270  354,  381,  404, 
459. 


GLASGOW ;  PRINTED  BY  JAMES  HEDDERWICK  AND  SONS, 
FOR  HIS  MAJESTY'S  STATIONERY  OFFICE, 


EXPLANATION   OF  FOLDING   MAP. 


Otalogieal  SJtOeh-Mdp  of  OmUrai  Shye,  mtk  &«  adjacent  smaller  Ulandt, 
on  a  »eai»  ^  \  tnoil  Ut  a  mile. 

This  ia  intended  to  present  in  one  viewthe  getieral  geological  relations 
tS  a  lazge  part  of  the'tnct  jtrinaipaDf  dealt  witii  in  tbe  Toregoiiig  pages. 
it  iriU  aJao  aerre  to  make  most  parts  oi  thia  Mcnnoir  intelligible,  even  in 
tb«  abwnM  of  the  maiM  ot  the  m^alar  one-lBoh  series  and  of  the  specinJ 
■ix-lwdi  msf»  sekoted  to  illaitnte  the  Uemoir  more  fully. 

The  sapa^ofatl  droosita  which  (rftan  conceal  tin  solid  racks  are  omitted; 
tm  arf  alao  the  ^b^vimoni  <rf  the  Torridonian,  Oambmn,  and  Y 
ateata,  which  are  fox  the  moat  part  without  rigniiicance  for  our  purpose. 
TbO'lntmxj  igneous  looka,  with  which  ws  are  more  immediately  coo- 
'oemed,  have  been  simplified  by  omitting  the  great  mnjoiity  of  the ; 
intrusions — silla,  sheete,  and  dykes.  Of  the  great  systeai  of  doleiite  sills 
in  the  basaltic  tract  a  few  have  been  inserted  to  suggest  tbe  distribution 
of  the  group  and  the  character  of  the  outcrops  a»  dependent  on  tbe  form 
of  the  ground.  Of  the  innumerable  dykes,  chiedy  of  basic  composition, 
a  few  only  are  given,  which  will  suffice  to  indicnte  the  general  direction 
of  the  dykes  in  different  parts  of  the  area.  The  wiiltb  of  these  is  of 
course  greatly  exaggerated. 
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